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FOREWORD 

The document was developed as part of the Integrated Progreuns 
for Aerospace-Vehicle Design (IPAD) program documentation in 
accordance with contract NAE 1-14700. Other closely related IPAD 
documents are: 

NASA CK 2981 Reference Design Process (D6-IPAD-70010-D) 

NASA CR 2983 Produce Program Management Systems 
(D6 -1 PAD -7 0 0 3 5 -D) 

NASA CR 2984 Integrated Information Processing 
Requirements (D6-IPAD-700 12-D) 

NASA CR 29 85 IPAD User Requirements (D6-IPAD-700 13-D) 

Special acknowledgement is made of the assistance provided by 
the following contributors to this document: 

These Boeing engineers contributed directly to the 
development of the document: G. Anderson, M. Davies, J. 
Kelleher, S. Robertson, and E. Mangan. 

The following Boeing managers and engineers contributed their 
conments and recommendations: A. Berryman, W. Dief enderf er , 

H. Enns, E. Hisey, M. Monro, D. Nichols, H. Smith, W. 

Spencer, J. Stokes, R. Thompson, R. Trousil, and R. Wallace. 

The NASA Langley Research Center Document Coordinator for 
this document was Jaruslaw Sobieszczanski . 

In addit-ion, assistance in the form of comments and 
recommendations was received from the Industry Technical 
Assistance Board (ITAB) ; Air Force Materials Laboratory, 
WPAI“B; and the NASA IPAD Project Office, Langley Research 
Center . 

Measurements included in tliis document were not generated on 
the IPAD program; therefore, they are shown here in U. S. 
customary units. A conversion table (U.S. to SI) is included in 
appendix £. 
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1 .0 SUMMARY 


This document describes the product manufacturing 
interactions with the design process and, when used with the 
reference design process document (CR 2981) , provides an overview 
of the design and manufacturing processes. An analysis of 
design/maiiuf acturmg/quaiity control interactions is provided for 
the total spectrtun from conceptual design through delivery of the 
product . 

Section 2.0 describes how tlie definition was developed and 
how the information in this docuiaent can be utilized by the 
various users. There will be an rnterface between this definition 
and the Air Force integrated computer-aided manufacturing (ICAM) 
program in the manufactiiring architecture, classification, and 
coding and numerical control (NC) sheet metal center study areas. 

Section 4.0 describes the manufactriring events that take 
place during the conceptual, preliminary and detail design, and 
the fabrication phases. The use of the IPAD system will impact 
these events in various ways — tlie impacts are anticipated and 
described. 

Section 5.0 descrioes developments and trends in computer- 
aided manufacturing (CAM) and quality assturance technology axid 
summarizes how the design of IPAD will be affected by the 
requirements to support the users of design information. Not all 
of these developnients will be used by all companies, but the IPAD 
design must address them genereilly. 

Section 6.0 describes mure specifically the IPAD support 
requirements for the downstream users of the design information 
including the description and quantification of the information 
that passes between the design process and nianufactturing. There 
are requirements that must be addressed in the Information 
Processing and Integration Requirements Document (CR 2984) . The 
manuf actxuring user does not impose iinique user requirements on the 
IPAD system designer. 



2.0 INTRODUCTION 


This document anal 2 ^es the interactions between design and 
manufacturing during the conception, design, and fabrication of an 
aerospace vehicle. This analysis includes the quality control 
interactions during the performance of the product verification 
functions- Special attention has been given to computer-aided 
functions in design, manufacturing, and quality assurance because 
of the conviction that these interactions will have the greatest 
impact on the design of IPAD (Integrated Programs for Aerospace- 
Vehicle Design) (ref. 1) . An attempt has been made to illustrate, 
through presently visible trends in evolving technology, the IPAD 
user environment that will exist in the 1980*s- Figrire 1 
illustrates the relationship of this document to other documents 
developed in task 1 of the IPAD program. 

Use of commercial products or names of manufacturers in this 
report does not constitute official endorsement of such products 
or manufacturers, either expressed or implied, by the National 
Aeronautics and Space Administration. 


2 . 1 SCOPE 

The analysis of design/manufacturing/quality control 
interactions covers the total spectrum from conceptual design 
through delivery of the product. The basis for all interactions 
is information transfer: manufacturing preferences to design; 
product geometry and specifications to manufacturing; fabrication 
and producibility costs for trade studies; solutions for assembly 
problems; etc. Having acciarate information available in the early 
stages of a new project and making it easily available to all 
potential users can have far-reaching impact on the reduction of 
flowtimes and costs to produce an aerospace product. The 
interactions are identified and t-he data transfers described 
generally. (See fig. 2 as an example of geometric information 
flow) . Today *s process is described, as well as trends likely to 
indicate the directions of the 1980 *s. 


2.2 OBJECTIVE 

This docioment describes the manufactxiring process and its 
interactions with design in order to determine the extent of the 
potential impact of support requirements for mcinufacturing and 
quality control on the design of the IPAD system. Background is 
provided on the manufacturing process and the data processing 
systems that support its activities. It is intended that this 
definition be used in conjunction with the Design Process 
Definition docximent (CR 2981) to provide an overview of the total 
product definition and fabrication process- The combination of 
these documents will provide reference information for the 
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development of the user requixements specifications for the design 
of IPAD. 
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REFERENCE DESIGN PROCESS 
CR 2981 



PRODUCT MANUFACTURE 
INTERACTIONS WITH THE 
DESIGN PROCESS 

CR 2982 

PRODUCT PROGRAM 
MANAGEMENT SYSTEMS 

CR 2983 


INTEGRATED INFORMATION 
PROCESSING REQUIREMENTS 
CR 2984 


USER REQUIREMENTS 

CR 2985 


Figure 1 .—Relationships of Task f Documents (Shaded block indicates this document) 
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Figure 2.— Geometric Information Flow Wing Design and Fabrication 









2.3 PURPOSE 


This analysis was undertaken rn order to support the 
development of user fiinctional requirements on which the design of 
IPAD will he based. The comhlnatlon of this document, the design 
process definition, and the product program management systems 
will be used to support the development of the Information 
processing and Integration requirements definition. All four of 
these will be used to develop the user functional requirements. 
This represents a universal description of the product 
deslgn/manuf actiirlng interactions for the aerospace Industry. 


2.4 APPROACH 

People from line organizations and research and development 
have joined the IPAD team for periods ranging from three weeks to 
three months to assist with the development of this doctanent. 
Representatives from manufacturing engineering, tool design, 
computer-aided manufacturing and quality control research and 
development have been included. The description of today’s system 
and the developing trends have been put together with their 
assistance. Avenues to other organizations have been open for the 
exchange of ideas and the answering of specific questions that 
have arisen. 

Use has been made of historical data and industrial studies 
that substantiate certain trends in aerospace manufacturing. For 
exainple, one such trend is the requirement for design numerical 
data in greater volumes than was previously required in order to 
support sheet metal numerical control centers. The sources of 
information include Aerospace Industries Association (AlA) , CAM-I, 
and academic and government piiblications . Ihe Air Force program, 
integrated computer-aided maiiufacture (ICAM) , has been taken into 
consideration for its relationship to IPAD. 

Section 4-0 tias been developed to describe the manufacturing 
process. In order to develop the support requirements for 
manufacturing and quality control, it must be understood how these 
organizations operate and the events that take place during the 
design and manufacturing process. A flow chart for each phase has 
been prepared to support the description. 

The functional flow charts represent a production progreim; an 
attempt has been made to generalize t2ie Boeing process so that it 
can represent a typical aerospace manufacturing process. 
Adjustments must be made by each company to represent their 
processes; militeory programs, prototype and test vehicles, and 
pilot production programs will depart from this process to some 
extent. The diversity of company practices in these areas 
obviates the use of a general model. 
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The special technology being developed for computer-aided 
manufacturing and quality assurance is described in section 5.0. 
This includes the present state of the art and the trends that 
indicate where the technology will be in the next, decade, when 
IPAD will be in use. 

The design/manutacturing interfaces are described in section 
6.0. The functional requireanents that should be considered for 
the IPAD system design to support manufacturing and quality 
control are also described. These are the recommended priority 
support requirements that have been developed on the basis of this 
study. 


2.5 USi. OF THIS DOCUMENT 

This document can be used wxth further analyses to determine 
how a specific company will support design/hianufacturing functions 
using the IPAD system. A general analysis would be of little use 
at this time- Impact speculatxons are based on the IPAD concept 
described in the feasibility study {tef. 1). 

Individual companies will have to make economic analyses for 
each potential system application in order to develop their IPAD 
system definitions- Some of the considerations will be: 

Manufacturing requirements in terms of types of products, 
product characteristics, and quantities 

The nature cOid capacity of the industry's current fixed plant 
and equipment relative to forecast production requirements: 

Plant capacity 

Age distribution/obsolescence of existing machine tools 

Program arrangements that expand the geographical boundaries 
and complexity of the system (e.g., subcontract, 
international multipartner joint venture) 

Availability of internally generated cash to support plant 
expansion and/or modernization 

Relative cost trends of key resources, e.g., manpower versus 
confuting; energy cost and availability 

Other impacts, e.g., environmental legislation, OSHA, etc- 
This document can also be used: 

a) For the general reviewer and potential IPAD user: 



1) As an overview oi the product manufacturing 
process.. £>ection 4.0 provides a description of a 
commercicil production process with potential 
effects of an integrated system such as IPAD. 

2) As a discussion on the developments and trends in 
computer-aided manufacturing (CAM) and quality 
assurance technology. These are discussed as they 
may relate to IPAD system design. This document 
also serves as reference information for the 
development of IPAD support requirements. 

For the IPAD system designer: 

3) Section 6.0 describes the general IPAD support 
requirements for the product manufacture process 
and quantifies the design data as experienced on 
Boeing commercial production programs. Specific 
considerations for the various manufacturing 
disciplines are described. 

4) It is anticipated that the Air Force ICAM progreun 
will have some interface with this definition, 
primarily in the manufacturing architecture 
description, classification and coding, and the NC 
sheet metal center study areas . There will be 
interactions at a future time between IPAD and 
ICAM. This document can be \ised to help define 
those interactions. 



3*0 ACRONYMS AND ABBREVIATIONS 


AC 

AIA 

AFCAM 

AMR 

APT 

CAD 

CAM 

CAM-X 

CAP 

CIRP 

CNC 

CPU 

CRT 

CGC 

DNC 

DOD 

EXAPT 

IC 

ICAM 

ICG 

I/O 

IPAD 

IPEX 

IPIP 

MRB 


Adaptive control 

Aerospace Industries Association (see Appendix C) 
Air Force Computer-Aided Manufacturing (see ref. 7) 
Advance material release 
Automatically progxetmmed tools 
Computer-aided design 
Computer-aided manufacturing 

Computer-Aided Manufacturing - International, Inc. 
Computer-aided planning 

College International for Research Production 

Computer numerical control 

Computer processing unit 

Cathode ray tube 

Classification and coding 

Distributed nvunerical control 

Department of Defense 

Extended APT 

Integrated circuit 

Integrated computer-aided manufacturing 
Interactive computer graphics 
Input/output 

Integrated Programs for Aerospace-Vehicle Design 

IPAD executive 

IPAD information processor 

Material Review Board 



NC 

OSHA 

P/N 

QAR 

QC 

ROI 

SDA 

WBS 

2D 

3D 


Niunerical control 

Occupation Safety and Health Administration 
Part nvuhber 

Quality assurance report 
Quality control 
Retvirn on investment 
Stibstitute design authorization 
Work breakdown structure 
Two dimension 
Three dimension 
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4.0 THE MANUI’ACTURING PRCXTESS 


This section describes the manufactirring organization and 
general functions and develops the basic manufacturing and quality 
control events through the conceptual, preliminary, detail design, 
and fabrication phases of a product. It discusses the data 
requirements in a general way. These phases overlap in such a way 
that the identification of which phase a specific activity takes 
place in may vary from product to product or company to conpany. 

Kecoirenendations are included for new ways of doing business 
to take advantage of the IPAD information base. Changes in 
activity descriptions are contained in "IPAD IMPACT" paragraphs. 
These paragraphs are judgments based on the concept of IPAD 
described in the feasibility study (ref. 1) and are really 
potential impacts depending on how each cconpany wants to use the 
system. The "IPAD IMPACT" statements may imply an extension 
beyond the basic IPAD system; tfiis represents the idea tliat 
present and future application programs may be integrated with 
IPAD. It may be that the applications described are not 
economically feasible (sec. 2.5) for all companies. A ma:]or trend 
is the build-up of manufacturing support earlier in the conceptual 
and preliminary phases of a program and a relative leveling of the 
people needs in the later prugr^lm phases. This is based on an 
exchange of design/manufacturing information using IPAD and the 
ability of manufacturing to make firm decisions earlier in the 
program phases. This also results in the reduction of design 
changes dtiring tlie fabrication phase. 

The functions of an aerospace conpany*s manufacturing 
organization are universal but may appear xmder various 
organizational labels in the different companies. An example of a 
company organization is contained in appendix A with descriptions 
of the several functions. 

The basic manufacturing functions do not change just because 
IPAD is being used. IPAD imposes no constraints to force changes. 
Rather, there will be a natural trend to change in order to use 
IPAD and other systems linked to IPAD in the most efficient 
manner. We cannot forecast specific changes in the manufacturing 
process dtiring the 1980 *s. Each company will respond differently 
because of their unique mix of IPAD and systems linked to or 
supported by IPAD. Functions tliat are performed today dtiring the 
manufacturing process will not disappear. They may be combined or 
they may look different; there may be manual functions that will 
be performed within a coiaputer system . There are computer system 
developments independent of IPAD that will contribute to changing 
the way functions are performed today. Although we cannot 
forecast specific changes, we do discuss general trends of change 
in the manufacturing process. 
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Two major areas o£ comput-er support: in manufacturing have 
evolved in parallel; these may be considered as "business'* systems 
(e.g., inventory control, cost collection, and process order 
preparation) and ■■scientific* systems that include numerical 
control, mathematical definition, and tool design analysis. In 
botti areas, proliferation of system development has taken place 
over the years with little, xf any, effort to provide 
compatibilities and standards for later integration. Functional 
organizations have tended to develop their own systems 
requirements without coordinating with other organizations. In 
recent years, this trend has cuntxnued as miniccanputers have 
appeared on the scene to control production and design processes: 
independent and distributed systems have been developed without an 
overall plan. This situation has been chcinging over the last few 
years however, partly due to escalating computing system 
development costs. Large systems are being designed and built 
using modular techniques, while smaller systems are being designed 
for integration with other systems t*n a division or company basis. 

The following discussion of events represents a general 
concept of the aerospace indvistry manixf actviring process as it 
exists today, with descrxptions of the impact of utilizing IPAD in 
the 1980*s. At the turn of the decade, only those systems already 
under development (or firmly planned) will be in use. New 
capabilitxes and system applicatxons will continue to be developed 
and implemented throughout the decade. Where each aerospace 
company stands at that time in relation to this universal concept 
depends on many variables . 


4.1 MANUFACTURING i. VENTS/CONCEPTUAL DESIGN PHASE 

Manufacturing activity during this phase today consists 
primarxly of staff functxons ratlier than project. Unless the new 
product is a derivative of an exxsting model, the manufactmring 
project is not organized untxl the go-ahead for preliminary 
design. The xnterfaces during thxs phase will primarily provide 
information to support high-level decision-making related to broad 
manufacturing capabilities and relative product cost. (See figure 
3.) 


IPAD IMPACT: 

A team of design, manufacturing, and qtiality control people 
can be utilized to quickly screen the product concepts as they are 
developed cind thus speed the selection process. Input of 
engineerxng and manufacturing infonaation into the IPAD data base 
enables company resources, plans, and schedules to be summarized 
for review. Alternatives are compared by analytical and 


12 




■igure 3.~-Manufacturing Events Conceptual Design Phase 




















graphic me-thods to determine optimiim conditions. Use o£ 
interactive graphics to draw cixarts and flow diagrams will enable 
all alternatives to be considered quickly. 


4.1.1 FACILITY REQOIRmENTS ANALYSIS 

A preliminary survey o± existing facilities based on the time 
period for the product introduction is \mdertaken for the varioiis 
concepts. This includes the potential requirement to expand or 
add facilities as well as cost estimates for their preparation. 

IPAD IMPACT: 

Graphical display of existing facilities will make it easier 
to expand or to delete facilities and explore all the 
possibilities for long- and short-term goals. Cost estimates for 
each possibility are run through the computer and compared with 
each other. 


4.1.2 FABRICATION RESOURCE ESTIMATES 

Cost analyses to build the several concepts of new products 
affect the go-ahead decisions. Considerations of new processes, 
available skills, and facilities are included in the analyses. 

IPAD IMPACT: 

Go-ahead decisions will be made with more confidence as 
information available in the IPAD system reduces the decision 
risk. Direct labor estimates for fabrication and assembly, as 
well as tooling, planning, and other direct and indirect labor emd 
material costs, lend themselves to computerization via IPAD. 

(This assumes that IPAD is based on the concept of coding discrete 
items in design and making the data available to manufacturing via 
a data base.) 


4.1.3 MATERIAL AND PROCESS DEVELOPMENT 

Manufacturing technology tests new materials and develops 
fabrication and preparation processes that satisfy design 
specifications. This is an ongoing research and development 
effort, tor new materials inevitably result in the development of 
new processes and facilities. 

IPAD IMPACT: 

Grouping of new materials, applications, and facilities by 
family in the con^juter and the ability to recall this information 
will give engineering and manxifacturing up-to-date technology on 
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demand. The -tedious job of literature research and cataloging of 
informa-tion is avoided if -the informa-tion is available from a 
central computer for company -wide use. 


4.1.4 C3UJ/CAM DbVELOPMKNTS 

The CAD/CAM systems that are selected for development have 
been analyzed for return on inves-tment (ROI) and have met -the 
criteria for successful productxon applications. The HOI analyses 
can be tised to predict cost and schedule impact on a new product. 
Experience has shown that as -these systems become integrated (with 
IPAD in this case) , -the combined benefits will be greater -than the 
sum of the benefits of -the individual systems. The basic 
interface between the CAD cuid CAM systems is -the geometry of -the 
product . 


4.1.5 MAJOR TOOLING ANALYSIS 

A study of basic tooling concepts is performed to obtain 
general costs and identify possible problems associated with broad 
requirements of putting a new design concept into production. 

IPAD IMPACT: 

Historical tooling concep-ts and cost information is available 
for use as well as the identification of -tooling eind tool designs 
that can be used on a new product. 


4.1.6 QUALITY ASSURANCE TECHNOLOGY 

In support of a new design concept, quality control system 
developments and test facilities affecting product cost and 
schedules are reviewed. These developments have been analyzed in 
the same manner as CAD/CAM systems and -the information is 
available tor project assessment. 

IPAD IMPACT: 

Quality control plans and concepts can be indexed and 
compared with historical information. 


4.1.7 COST STUDIES 

Potential schedules and production quantities must be 
established during -the conceptiial phase for use in a general 
analysis of facilities requirements, fabrication resources, and 
overall cost studies. Each design concept must be reviewed for 
probable program costs as a significant item of evaluation. 



IPAD IMPACT: 


Mathematical models are defined tor the various conditions 
that affect schedtiles and quantities. Optimum conditions are 
chosen for the final result. Each design concept must be reviewed 
for probable program costs as a significant, item of evaluation. 
Cost feasibility studies of design concepts are evaluated by 
management systems. These restilts are displayed and plotted for 
management review. Similar historical cost data can be compared. 


4.1.8 VilND TUNNEL MODELS 

This is a direct interface that may begin in the conceptual 
design phase. Wind turmel tests are essential in determining the 
potential application of design concept. 

IPAD IMPACT: 

The geometry for NC machining of wind tunnel models is made 
available tor each design concept that is to be tested. Ttiis 
geometry will reside in the IPAD data base as long as that concept 
is a candidate tor development. This interface exists throughout 
the product development phases. 


4.2 MANUFACTURING EVENTS/PRELIMINARY DESIGN PHASE 

The preliminary design (PD) go-ahead triggers the project *s 
manufacturing and quality control organizations to support product 
fabrication. These are skeletal organizations that will build up 
for the subsequent detail design and fabrication phases. 
Information developed for the preliminary design phase will be a 
refinement of the conceptual design phase based on more detailed 
and complete information from design. (See figure 4.) 

IPAD IMPACT: 

The team concept used for the conceptual design phase 
experiences a smooth transition as improved design information 
becomes available. Manvif acturing and quality control manpower 
expands as the available concepts are narrowed for preliminary 
design go-ahead. The IPAD data base is used by the team to 
develop manufacturing and tooling plans based on past programs as 
well as the new design data. Hard aecisions can be made earlier 
in this phase and reduce tfie large manpower buildups usually 
required downstream to generate process orders and related paper. 
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4.2.1 PRELIMINARY MANUFACTURING PLAN 


The general plan for tabricatiag the product is developed, 
based on design information. It defines the general manufacturing 
and tooling concept to be used to establish in-house resource 
requirements and basic schedule compatibility, 

IPAD IMPACT; 

As the design information becomes available in the data base, 
the preliminary process planning is generated , 

Assembly breakdowns are included as completely as possible. 
Priorities are established for sequence of manufacturing. New 
process requirements are introduced to support the new materials 
used in the product. (See figvire 5.) 


4.2.2 MAKE/BUY POLICY DECISIONS 

Based on design/manufacturing coordination meetings, make-or- 
buy decisions are made for major structure sections, components 
(landing gear, engines, etc,), ana systems, 

IPAD IMPACT; 

If IPAD contains a coded data nase, a direct application of 
data within it can simulate a "balance** betvjeen make and buy which 
could take into account traditional approaches, contractor 
strengths/weaknesses, state of the art, etc., so that make/buy 
policy is established on the basis of consistent evaluations, 

4.2.3 MAJOR SUBCONTRACTOR SELECTION 

Manufacturing begins selection of subcontractors for long- 
lead **buy" items - 

IPAD IMPACT: 

A historical data bank would be invaluable in analyzing the 
performance of sxibcontr actors by eniphasizing strengths (quality, 
price, schedule adherence, etc.) . 


4.2.4 PRELIMINARY TOOLING PLAN 

Based on design layouts ana item descriptions, basic plans 
are made for master tooling requirements, large assembly tools, 
work platforms, and major handling equipment. 
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IPAD IMPACT: 

CAD/CAM Items are selected and the need for master tools is 
closely examined^ In areas where the data base mathematical 
definition is complete, master tools may not be reqtiired. Tool 
designs from other products are reviewed and utilized, when 
possible. 


4-2.5 FAClhlTy DESIGN (ASSEMBLY LINE) 

In conjunction with the manufacturing and tooling plans, the 
facilities requirements are estimated and designed for all aspects 
of the program including engineering, tooling, fabrication, test, 
and delivery. Construction begins on specific long-lead projects 
that are firmly identified. 


4.2.6 PKODUCIBILITY TRADE STUDIES 

Manufacturing reviews the design in the layout phase to 
assure that design decisions support cost effective fabrication 
and assembly practices. The reviews are initiated at the 
discretion of the design project in order to augment trade studies 
at critical decision points. Manufacturing looks at various 
design aspects such as material, size and assembly arrangements 
from the viewpoint of available company resources and fabrication 
capabilities. The layouts are also used to develop preliminary 
manufacturing and tooling plans, which in turn may initiate design 
revision requests from manuf actiiring. The producibility reviews 
constitute a continuous dialogue between design and manufacturing 
on both a formal and informal basis. Quality control aspects are 
also reviewed during tliis process to verify that the design intent 
has been achieved. 

IPAD IMPACT: 

Use of CAD output and new metiiods of fabrication and assembly 
of details are examined. Old and new trade studies are modeled 
and compared to each other. The various manufacturing approaches 
are then analyzed to determine cost effectiveness. A properly 
coded design data base will automatically identify families of 
parts by frequency of occurrence. This information can be used to 
optimize producility decisions. 


4.2.7 PRELIMINARY SPECIFICATION CONTROL DOCUMENTS 

Procurement reviews preliminairy design specifications for 
pxirchased items . 

IPAD IMPACT: 
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Cont.roX doc\iment.s are coinpu-terlzed and run for review of 
pturchased IXems. Indus-try- wide s-tandards are Incorpora-ted so 
coimtton tools and equipment may be used. Existing specifications 
from other products can be reviewed and utilized. 


4.2.8 QUALITY CONTROL 

Preliminary quality assurance plans are developed to support 
tooling, fabrication, assembly, and test operations. Existing 
plans from other products can be reviewed and utilized. 


4.2.9 CAD/CAM REFINEMENT 

CAD/CAM candidate priorities are established and resource 
requirements Identified. The computerized mathematical definition 
of the product is developed for CAD/CAM and subcontractor 
applications . 


4.2.10 MANUFACTURING AND MATERIALS TECHNOLOGY 

Current and advanced materials, processes, and fabrication 
methods are researched and tested to benefit design requir^ents. 

IPAD IMPACT: 

The data rs fed back to applicable engineering and 
manufacturing systems so as to benefit the product and future 
designs. 


4.2.11 ENGINEERING MOCKUP PLAN 

The engineering mockup plan Is developed by manufacturing 
using preliminary sketches, to aid in generating the basic 
configuration for space arrangement and to Illustrate ctistomer 
features and sales items. 

IPAD IMPACT: 

Consideration of the information to be made available in the 
IPAD data base will Influence the mockup plan. 


4.2.12 WIND TUNNEL MODELS 

Manufacturing continues to fabricate wind tunnel models to 
design specifications. Design data for the wind tunnel models are 
represented by a computerized mathematical definition used to 
fabricate the models by numerical control. 
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4.2.13 PROGRAM SCHEDULE PLAN 


Design will provide operaLronSj, marketing , and finamce with 
plans and scheduling information. It will include an estimate of 
the engineering release schedule, the configuration verification 
test plan, and the manufacturing schedule. It will also include 
identification of critical long-lead items (e.g., engines, 
forgings, etc.) and procurement criteria. 


4.2.14 COST CONTROL STUD^ 

Initial program cost estinidtes are refined based on the 
design criteria, manufacturing reviews, the program schedule plan, 
preliminary manufacturing plan, facility plan, preliminary tooling 
plan, and other activity developed during the preliminary design 
phase. Initial program cost estimates include several production 
quantities. An assessraenm is made of the production costs over a 
time period, accounting tor changes in the manufacturing schedule 
tor introduction of new customer configurations and the impact of 
derivatives from the base model. An estimate is made of return on 
investment and cash flow by year. 


4.3 MANUFACTURING EVENTS/DETAIL DESIGN PHASE 

After critical design reviews of the product have been passed 
by design and manu£act\xring , tue go-ahead is given to release 
design data to manufacturing, in tnis phase the design is refined 
and the details and components are designed in preparation tor 
release. Mcinuf acturing and quality control refine their plans 
based on more complete design data. (See figure 6.) 

IPAD IMPACT: 

Geometry and related information tor components, assemblies 
and installations are released to the IPAD data base in accordance 
with the master schedule and utilized by manufacturing and quality 
control for the fabrication processes. Integration of program 
capabilities provides more efficient communication and utilization 
of information- Standard oesign features (radii, angles, hole 
sizes, etc.) yield standard mcLUuf acturing processes, which result 
in reduced production costs. 
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Figure 6.— 


Events Detail Design Phase 








































Figure 6,— Manufacturing Events Detail Design Phase (Concluded) 




4-3.1 MASIEK SCmDDLE 


Engineering design provides plans and scheduling Information 
to program management, operations, marketing, and finance. From 
this Information, Industrial engineering develops a master 
schedule in conjunction with other manufacturing organizations. 
Schedule-sensitive work packages cure identified and design 
releases are scheduled, followed by schedules for fabrication, 
tooling, assembly and installation. Identification of critical 
schedule items (e.g., forgings is refined from the preliminary 
design phase.) 

IPAD IMPACTi 

The master sciiedule can be developed on a computetized base 
and readily updated during the detail design and fabrication 
phases . 


4.3.2 PROCUKEMENT — CRITICAL MATERIAL AND LONG-LEAD ITEMS 

Engineering design releases advanced orders to procur«nent 
for purchase of critical material and long-lead items . 

IPAD IMPACT: 

Advanced orders are released for procurement of long-lead 
items, based on information in the data base. 


4.3.3 TOOL DESIGN AND FABRICATION 

Manuf actinring releases orders lor major tooling jigs, 
handling equipment, etc- The balance of the tooling program is 
prepared according to the master schedule, and the tooling orders 
are forwarded to tool design as engineering data becomes 
available. Final tooling plains are based on the final release of 
engineering data. 

IPAD IMPACT: 

Tool order release is accomplished via the terminal and 
resides in the manufacturing data base. A printed copy can be 
requested . 

Tool design uses the IPAD utility programs for analysis and 
design preparation- The part geometry is available for direct 
access from the IPAD data base. 


4.3.4 FACILITIES 


Facilities refines estimates and designs made under the 
preliminary design phase. Long-lead items are ordered. Detail 
facility drawings are prepared to outline floor space and 
equipment tor engineering, tooling, fabrication, test, delivery, 
and other support organxzations . Go-ahead for construction is 
given. 

IPAD IMPACT: 

Facilities engineers develop their layouts using the IPAD 
graphics capabilities. 


4.3.5 PURCHASE ORDERS AND SPECIFICATION DRAWINGS 

Manufacturing reviews specification control documents and 
releases orders to Procvurement for purchase of long-lead castings, 
standards, etc- The pturchased equipment document is reviewed and 
the method of pvurchase coordinated. 


4.3.6 MANUFACTURING PLAN 

The preliminary manufacturing plan is refined as an outline 
for the entire fabrication process. Detailed manufacturing plans 
are developed as engineering data beccMnes available. 

Documentation is prepared and released outlining the basic plan 
for incorporation of hardware. Process plans are prepared and 
released through the manufactiiring process planning system. 


4.3.7 QUALlITf CONTROL PLAN 

A detailed plan is prepared that, defines the inspection 
criteria for the program. The plan addresses tooling, detailed 
part fabrication, subassembly, final assembly, preflight, flight 
test, receiving, source control, functional test, calibraticMi 
certification, geometry, statistical quality control, and other 
pertinent f\mctions of quality control. The inspection 
requirements are added to the process plans . 


4.3.8 MATHEMATICAL DEFINITIONS AND EXTRACTIONS 

The extent of the computer lotting effort is determined. The 
engineering design concept is reviewed for lofting, A plan is 
prepared to utilize the computer mathematical model to its maximum 
benefits and identify need for extraction capabilities . 
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£xtract.lons are jcequirea for CAM applica-tions and 
subcontractor utlllzatxon. Quality control certifies the data and 
system software. (See figure 7 for subcontractor utilization 
excimples.) 


4.3.9 CAD/CAM SEbECTION 

New candidates submitted under preliminary design are firmed 
up and methods of application are coordinated. Working procedures 
are established to control CAD/tAM activities between engineering 
and manufacturing in order to obta in maximum benefit from the use 
of CAD/CAM. 

IPAD IMPACT; 

Selected CAD/CAM programs are integrated with IPAD. 


4.3.10 CHANGE MANAGEMENT 

A change management plan is developed for all phases of the 
product incluaing hardware, software, design documentation, 
procturement , and delivery . 

IPAD IMPACT: 

Change management is controlled fay the IPAD data base. This 
data base has input from the various engineering disciplines and 
from manufacturing. Different levels of information are present, 
and lateral and vertical transfer of information is accomplished 
interactively and by computer graphics. The IPAD system, which is 
developed to respond to company needs from conceptual through 
detailed design, interfaces and integrates with CAD/CAM and 
product servicing. 


4.3.11 MOCKUP PLAN 

The engineering class II mockup is coordinated and fabricated 
to provide more detail of the airplane structure and to evaluate 
full-scale structure and component installation concepts. The 
class II mockup includes moving parts where required and provides 
final checkout information tor engineering evaluation between 
design groups. The manuf actmring class III mockup is also 
coordinated and fabrication is begun to represent the exact 
production airplane structure- The class III mockup is made from 
final engineering information and is used for engineering and 
manufacturing evaluation of ttie airplane structure and systems 
arrangement- It is used to develop tubing, wiring, thermal and 
acoustic lining, and other parts that are not fully detailed by 
engineering. Drawings are prepared which show wiring and tubing. 
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routilng, and noncrltixcal hole locat.ions. These drawings are 
approved by engineering and are used for installing systems in the 
production airplane. 
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British aircraft 
struts for RR engines- 




Figure 7.—747SP Subcontractors Using Computer Geometry Data 


IPAD IMPACT: 


The ability to interact with engineering and other 
mcinufacturing organizations wrll grea:tly sin^plify the mock-up 
plan. Prior to IPAD, it was necessary to construct full-size 
vehicles for evaluating engxneerxng design and determining wiring, 
tubing, and lining locations. IPAD will provide the capability to 
eliminate, or drastically reduce, the requirement for full-size 
vehicles. The 3D graphics feature of IPAD will allow the designer 
to display and manipulate the location of systems components in 
much the same way as the mock-up vehicles did. Once the designer 
is satisfied that the locations of the compcxients do not conflict, 
the design can be approved and made available to other 
organizations. Manufacturing will then be able to extract the 
necessary information directly from the approved graphics display 
xn order to determine routing , wire lengths , hole location, and 
hardware necessary to make a satisfactory installation. The 
interactive capability will also allow the transfer of noncritical 
hole locations (those required tor system hardware) to be 
transferred by computer to the detail parts and other parts that 
are not fully detailed by engineering . Drawings are prepared 
which show routing of wiring, tubing, and non-criticai hole 
locations . These drawings are approved by engineering and used 
for installing systems in the product . 


4.3.12 MANUFACTURING REVIRW 

Manuf actixring reviews drawings prior to release for 
considerations similcir to the layout phase and, in addition, to 
monitor schedule aspects. At this point, only minor revisions can 
be recoitmended without jeopardizing release schedules on schedule - 
sensitive items . Any discrepancies in the design can be noted at 
this stage and corrections requested. Again, quality control 
reviews the drawings to verify that design intent can be verified 
during fabrication and assembly operations. 

IPAD IMPACT: 

Manufacturing monitors schedule sensitive releases from 
engineering to assure that manufacturing can be responsive. IPAD^ 
provides the capability to display, graphically, schedules of 
critical items which require close scrutiny. Manufacturing can 
monitor these critical items more easily and negotiate and 
coordinate changes to the schedule through the teirminal. All 
organizations have immediate access to all schedules and schedule 
adjustments. 
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U.3.13 MASTER ENGlNEERIKti REiEASE SCHEDULE 


Engineering releases axe negotiated ,, coordinated and 
documented to identify sciieduleo commitments for release of 
engineering data such as drawings, advanced material requirements, 
long -lead items, specification control drawings, etc- 

IPAD IMPACT-: 

The negotiations of releases under IPAD are similar to the 
present system. However, once negotiations are complete the 
release schedule is made readily avciilable, graphically, to all 
organizations . The schedule information includes dependencies and 
is used to pinpoint prohlem areas. 


4.3.14 MAKE/BUy SUBCONTRACTOR DECISIONS 

Make-or-buy decisions are finalized and negotiations with 
subcontractors are completed as engineering information becomes 
available . 

IPAD IMPACT: 

Cataloging of subcontractor information assists the selection 
process . 


4.3.15 COST DATA REFINEMENT 

Previous program cost estimates are refined and updated to 
maintain visibility of the overall program and of alternate 
decisions regarding design and/or manufacturing considerations. 
The identification of CAD/CAM candidates, the necessity of 
engineering changes, and assignment of subcontractors, all affect 
program costs . 

IPAD IMPACT: 

As the design progresses, the IPAD data base is continually 
updated. A cost model cari be memipulated to illustrate "what if" 
consequences . 


4.3.16 ENGINEERING LIAISON PLAN 

A plan is developed to assure a timely response by 
engineering to design change requests baised on improved cost and 
schedule developments or on other design considerations. A 
continuous interaction is necessary between engineering etnd 
manufacturing as drawings are released and modified. 
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IPAD IMPACT; 


The IPAD data base facxlitates the interactions; 
configuration fixes can be iiraneaiarely documented. 


4-3.17 STRUCTURAL TRST FACILITLES 

Structural test facilities are aesigned and fabricated to 
support the test program directed toward structural details such 
as wing body 3 oints, areas of load distribution, etc. 

IPAD IMPACT; 

The IPAD programs are available to the test facility 
designers- Refinement of analytical data may reduce test facility 
requirements . 


4.3.18 SYSTEM. TEST FACILITIES 

System test facilities are designed and fabricated to verify 
that performance of each system is as predicted, is an acceptable 
deviation, or should be modifiea as test results indicate- System 
test facilities must accept partial or total systems for flight 
controls, hydraulics, electricity, electronics, etc. 

IPAD IMPACT; 

The systems which the facilities are designed to test are 
defined in the IPAD data base and are accessible to the facility 
designer. The IPAD programs cire also available. Test facility 
requirements are reduced as a result of ainalytical capabilities in 
IPAD. 


4.3.19 WIND TUNNEL MODELS 

Wind tunnel tests are continued to provide data on vehicle 
performance. New models axe required as the designs are refined. 

IPAD IMPACT-; 

The geometry is directly accessible by the NC programmer from 
the IPAD data base. There will be a reduction in the need for 
physical models . 


4.4 MANUFACTURING EVEN TS/FABRl CAT ION PHASE 

Tfiis phase begins as -the first design releases become 
available and con-Linues as long as tlie product is being built and 



delivered- Design changes due to engineering improvements and 
manufacturing problems comprise the remainder of the engineering- 
meinutacturing interactions- (See figure 8«) 

IPAD IMPACT: 

In past programs, a penalty in cost and flowtime has resulted 
from incorporating design changes both in and out of normal 
fabrication sequence- The te^im concept (described in 4-1) used in 
conjunction with IPAD substantially reduces design changes and 
their resultant impact on the fabrication process - 


DRAWING RECEIVAL 

The receipt of engineering drawings from the release unit 
triggers the start of the normal production cycle- After the 
drawings are recorded by control file personnel for tracking 
purposes, the drawings are released to the responsible 
manufacturing organizations- 

IPAD IMPACT: 

The interchange between manutactxiring and engineering during 
tfie design phase Insures a release of an econcHtdcally produced 
product requiring fewer changes- The approval by engineering of 
each definition triggers its immediate release to other 
organizations through the graphics terminals. Manufacturing has 
access to the design much earlier than at present, as data is 
available immediately through the graphics terminal- Control of 
the design releases during the manufacturing cycle is accomplished 
by input of schedules to the computer- 


4-4-2 PART LISTS RECEIVAL 

Parts lists are released to manufacturing by engineering - 
Manufacturing enters "codes'* to the part lists to reflect in-house 
manufacture or purchase, etc- 'Hiis information is then 
distributed to other affected organizations- (See table 1-) 

IPAD IMPACT: 

The physical release of part lists is not necessary under 
IPAD. By use of the terminal, special manufacturing codes can be 
input directly to the computer for each part number- Access to 
the information by all organizations can be made through each 
terminal - 
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Figure 8.— Manufacturing Events Fabrication Phase 
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Figure 8.— Manufacturing Events Fabrication Phase (Continued! 















Figure 8.~Manufacturing Events Fabrication Phase (Continued) 
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Figure 8. -Manufacturing Events Fabrication Phase (Concluded) 




Table 1 . — ^Information Required for Each Part 


Item 

Assigned By 

Part number & name 

Engr. 

Used on part number 

Engr. 

Quantity used 

Engr. 

WBS number 

Engr. 

WBS description 

Engr. 

Syst^ identification 

Engr. 

Models used on 

Engr. 

Customers used on 

Engr. 

Preliminary release identification 

Engr. 

Change identification 

Engr- 

Replaces number 

Engr. 

Replaced by 

Engr. 

Notation of new or old release 

Engr. 

Reference to initial release 

Engr. 

Classification code 

Engr. 

Part size 

Engr. 

Material specification & options 

Engr. 

Material size & finish 

Engr. /prod. engr. 

Procvirement code 

Prod, engr- 

Schedule code 

lE/PE 

Part weight 

Engr. 

Material classification 

Mat'l. 

Material code 

Mat'l. 

Tool Requirements 

Tooling 

Quality requirements 

Quality 

Planning exceptions 

Prod. engr. 

Source availability 

Mat»l. 

Vendor identification nvnnber 

Mat'l. 

Procurement lead time 

Mat»l. 

initial 


reorder for in-production 


reorder for out of production 


Cost per part (recurring 

Mat •! ./fin. 

and nonrecurring 


estimate 


target 


actual 


average 


Pcirt cost per A/P 

System 

as above 


Routing information 


receiving area 

Mat *1 . 

inspection area 

Qual. 

storage 

As responsible 

usage 

Prod. engr. 

Budget and buyer code 

Mat'l. 
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4.4.3 mKE/BUY COMMITTEE ACTION 

A special comtii-ttee composed o± manuf actiiring, industrial 
engineering, cuid quality control personnel meets periodically to 
decide whether components should be purchased or made in-house. 
Decisioxis are based on shop load forecasts, in-bouse manutacturing 
capabilties, and cost factors. 

IPAD IMPACT 

The immediate availability ot design information shortens the 
decision making process of the make-or-buy committee. The 3D 
capal>ility of the interactive graphics facilitates determining the 
total featxire of each item under consideration by the committee. 


4.4.4 MASTER SCHEDULE RELEASE 

The master schedule developed xn the detail design phase is 
refined, detailed for the fabrxcation phase, and released, it 
defines the basxc production installation sequence and ensures the 
availability of parts and tools to support the production cycle. 
Every released order carries a using shop code. The schedule 
required to meet the demano ot the part is applied to the order. 

IPAD IMPACT: 

Once developed, the master schedule is stored in tiie computer 
data bcise, where it is available to all organizations, either by 
viewing or by extraction from the computer on a printer. 


4.4.5 MANUFACTURING PLAN RELEASE 

The basic manufacturing plaiis developed for the detail design 
phase are refined. They are expanded to define the manufacturing 
processes needed to build the end product to satisfy the designed 
configuration. The manufacturing plan generally involves: 

Analyzing the engineering drawing for producibility 

Analyzing the potential methods and tools which can best be 
used to manufactinre the part 

Determining the most economical method to produce the desired 
part according to the established schedule 

Releasing tool order and tool design requests for fabrication 
ot tools required during the manufacturing cycle 

Determining optimum sequence for producing the part 
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Preparing a process plan to include part number 
identification, operation instruction, tooling requirements, 
and miscellaneous shop codes 

IPAD IMPACT: 

As a resxilt of the continuous comntinication between 
manufacturing and design in the IPAD environment, most problems of 
producibility have already been resolved. Problems are still 
encountered during the fabrication phase; these are resolved by 
manufacturing interacting directly with the designer through the 
terminal. 


4.4.6 MATERIAL ORDERING 

Special equipment and materials are ordered as authorized by 
advance autliori ration release early in the detail design phase. 
Receipt of coded part cards authorizes the purchase of additional 
vendor items according to engineering document or drawing, or as 
specified on special orders received from manufacturing 
engineering- 

IPAD IMPACT: 

The present method of handwriting special orders and/or 
coding part cards for authorizing the pturchase of material and 
special equipment are replaced by use of the display terminal. 
IPAD allows engineering to input to the data base the design 
requirements. Scheduling data and special coding are applied by 
maniifacturing. The complete data are then available to 
Procurement through their display terminal or by output from a 
printer . 


4.4.7 WORK CHART PREPARATION 

Charts are prepared for use in assembly and installation 
areas which sequence jobs and operations in the most cost 
effective way. The charts are also used to indicate whether the 
area is behind or ahead of schedule. Charts and assembly planning 
paperwork: complement each other. 
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4.4.8 TOOI. ORDER RELEASE 

Simple tools are ordered by manufacturing engineering 
directly frc«n the tooling shops. More complicated tools require a 
special design. These are ordered from the tool design 
organization, which designs and orders special tools as instructed 
by production engineering. Tool orders are scheduled to meet 
demand dates of manufacturing. 


4.4.9 IMPLEMENT PRODUCTION CONTROL PLAN 

Production control is responsible for controlling tlie storage 
and issuance of materials and completed parts. Other functions 
include receiving, scheduling, disbursing, and clearing incoming 
action items; schedtiling production orders; and posting production 
orders in tlie assembly shops . 


4.4.10 COMPLETION OF MOCK-UP PLAN 

Mock -up is responsible tor building mock-up vehicles to 
support engineering space allocations eind manufacturing system 
installations. Wire, tube, and cable routing is established and 
maintained through the fabrication phase. Drawings are drafted to 
show routing and tiole locations for the attaching hardware in 
support of design changes . Feedback is made to engineering to 
update drawings. 

IPAD IMPACT: 

Physical raockups are eliminated or reduced in scope using the 
IPAD capabilities. The documentation for design changes is 
effected in the data base. 


4.4.11 IMPLEMENT QUALITY CONTROL PLAN 

iJuality control is responsible for verifying that the 
manufactured product is in conformance with the engineering 
design. Changes to the conf igiiration are also inspected and 
docvimented to assure conf igucation accountaibility with the design 
or contract. 

IPAD IMPACT: 

The graphic feature of IPAD makes it possible for quality 
control to extract from the approved display the information 
required to provide any special or unique inspection "tools" to 
support fabrication scliedules. 
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4.4.12 IMI^EMENT LIAISON PLAN 


Liaison between manulacturxng and engineering is maintained 
at all stages of the manufacturing cycle. In addition, 
manufacturing has representatxves rn the engineering design areas 
to approve design changes from a manufacturing point of view. 
Continuous interation is important between engineering and 
manufacturing in order to assure that product definition data is 
optimally utilized in its conversion to hardware. 

IPAD IMPACT: 

The interactive capability of IPAD assures a rapid response 
to design change requests from manufacturing. The system must be 
sufficiently flexible to provide mciuufacturing with the ability to 
change assembly components during and after the design phase by 
interacting directly with the design engineer. 


4.4.13 DETAIL FABRICATION 

The fabrication of details is accomplished by following a set 
of instructions as specified on a production order prepared by 
manufacturing. The order specifies the operations to be 
accomplished in sequential order, the tools required to fabricate 
the part, special inspections that must be accomplished, method of 
part marking, and finish requirements. 


4.4.14 ASSEMBLY FABRICATION 

The ass«nbly process is governed by an assembly plan released 
by manufacturing. The plan outlines the sequence required to 
assemble the details in the most economical manner. Assembly 
tools are used, if required, to ensure conformity with the 
engineering drawing and proper tit on installation. Special 
instructions in the way o± inspection requirements, finish 
requirements, and method of part numbering are also called out. 
Completed assemblies are routed to a production control area as 
noted on the plan. Work charts are also provided by industrial 
engineering in scxne assembly areas to further control the 
operations sequence. 


4.4.15 COMPONENT INSTALLATION 

The installation of details and assemblies is controlled by 
manufacturing engineering. Each plan is charted by industrial 
engineering to alleviate installation sequence problems. Shop 
personnel work from the chart to the job and make the installation 
according to the instruction on the job. Special tooling is 
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provided -to aid In tlie Inslralla-tlon process or where location or 
alignment: of the component Is critical. 


4.4.16 CHANGE MANAG£Mil3)T 

A production change board consists of representatives from 
manufacturing, design engineering, materiel, quality control, 
program management, and factory. (Program management represents 
the customer's Interests.) The board meets to evaluate and commit 
proposed engineering changes affecting manufacturing. 

Investigation is made by each representative, after which a 
commitment Is made. A record Is made of the commitment and copies 
are released to all affected organxzations to authorize 
incorporation of the change in production and/or schedules. 

IPAD IMPACT: 

The availability of IPAD reduces the flowtime required to 
Implement a design change. 


4.4.17 MATERIAL REVIEW BOARD (MRB) 

During detail fabrication and assembly operations, quality 
control finds dxscrepancies in the form of errors and departures 
from design specifications . This occurs both in-house and in the 
receiving inspection areas and can result either in immediate 
rejection of the item or a review by the material review board. 

The board is made up of design, manufacturing, and customer 
representatives and is chaired by quality control- Through visual 
inspection and by x-ray or other testing, a determination is made 
to reject or rework the item or use it as is. 

IPAD IMPACT; 

The MRB action can be expedited by using historical data 
available in the system, if the situation is new, the information 
will be added to the data base, inventory accounts affected by 
the decision can be immediately updated. 


4.4.18 FLIGHT TEST, ACCEPTANCE, AND DELIVERY 

When applicable, one or more of the initial airplanes are 
assigned to the flight test program, which is used to check the 
airworthiness of the airplane, flight characteristics, and flight 
systems. These tests will be supported by reliability and safety 
assessments. Gauges and test equipment are temporarily installed 
to make the evaluation. Infonnation obtained from the test 
program may generate changes to the production configuration, and 
these are referred to the change board and the customer for 
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evalua-tion aiid conad.-tiuen.t.. A£t.er completion of the test program, 
the airplane is generally rettimed to a production configuration 
for customer acceptance, certification, cuid delivery. 


4.4.19 STATIC AND FATIGUE TEST PROGRAMS 

Functional testing, static tests, and wind tunnel tests are 
pursued to provide engxneering design with proof of design 
integrity and function. The continuation of such tests from the 
detail design phase is vital to improvement in the design, 
materxals, processes, and manufacturing methods in order to 
produce a better product. 
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5.0 CCM4PUTER-AIDED MliNUPACTORlNG (CAM) 


This section describes the CAM systems that exist today and 
the interfaces with conventional, ccnnputer -aided design. The 
trends for CAM development are also discussed. It is not 
suggested that all of the CAM techniques and technology trends 
that are dxscussed will impact IPAD design or be supported by 
IPAD. Rather, this is presented as an overview to illustrate the 
potential boundaries of the support requirements. Section 6.0 
describes the support requirements for the product manufacturing 
interfaces. 


5.1 CAM TODAY 

As in other sections of thxs document, a generalization 
regarding the norm in the aerospace industry has to be made. In 
this case it is to describe CAM as it exists today. In order to 
do this, commonly available systems will be described as well as 
systems that, while not widely used, cire indicative of the state 
of the art. 

Presently, CAD and CAM systems tend not to be integrated 
systans transiaitting xnformatron to each other in an efficient, 
compatible Icinguage, but rather inaependent units isolated from 
each other. In order to illustrate how this is changing, CAD 
techniqvies and their output will be discussed briefly prior to 
reviewing CAM. (See figure 5 for an illustration of a CAD/CAM 
system.) 


5.1.1 CAD SYSTEM OUTPUT 

In order to be most beneficial, CAD output must be in a form 
easily used by CAM- Definition of parts, reference systems, and 
CAD geometric data should be defined in such a manner as to be 
easily manipulated (mirrored, rotated, transformed, etc.) by 
manufacturing. Programming of engineering part definitions for 
use by manufacturing is essential tor economic use of CAD/CAM. 


5. 1.1.1 Interactive Computer Graphics (ICG) 

Although ICG has been available since the early 1960 *s, it 
has only been since the early 1970 *s that the economic emd 
techniccil possibilities have been realized - 

ICG was initially conceived as a design tool, but it was soon 
realized tl»at graphic display and manipulation of CAD data by 
planning, tool design, eind quality control is desirable. The 
ability to satisfy common manufacturing problems is one of CAD*s 
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capabilities. CM)*s effective use depends cm system to system 
interaction with CAM, otherwise the use of CADA^AM «iill be 
diminished. 




Conversational programming 
manufacturing engineering 


Real time 

management 

system 




5.KK2 Pcir-t Pet initiJLons 


In oraer for CAD data to be most useful to the manufacturing 
engineer^ he should be able to retrieve desired data with minunal 
editing or conversion- 

As the primary user of the geometric information presently is 
the NC prograirimer the most practical way to store the data toi 
manufacturing use is in the fojnu ol canonical statements defining 
the geometry of the parts - 

This geometry may be translated from the IPAD geometry data 
base or may m certain cases {e.g.^ families of parts), be 
developed initially by design engineering ^ who utilizes the 
information tor automatically drat ting their designs- Geometry is 
then used directly by the iiuioeriCdl control (NC) programmers. 

The geometry data base will provide support to design 
analysis^ drawing classification, process planning, NC 
programming, tool design, etc. future applications may change and 
will vary between users- The ability to change the data base 
without difficulty and contorm to new or changed circumstances is 
essential- Information has to flow freely between design and 
manufacturing to have an effective data base, for the data base 
Will be botli design- and manutacturing-oriented - 


5-1.2 CAl^ SYSTEMS 

The term CAM, has slightly different nuances to different 
people but is generally accepted as encompassing all aspects of 
planning and producting a manufactured part while utilizing 
computer equipment to assist m the manufacturing process - 

Although some systems are comnx>n within a number ol different 
organizations, an attempt has been made to categorize the systems 
into four functional areas of use: planning, tool design, NC 
programming, and fabrication. 


5-K2-1 Planning 

Planning interacts witfi design at the beginning of a design 
program and develops aS the program progresses. Computer-aided 
manuf acrturing for project planning, detail planning, and NC 
programming depends upon the closeness of this interaction to 
ensure that producibility is one of the prime considerations 
during the design process- Producibility of design, equipment 
evaluation, process method selection, and tooling requirements are 
all considered. CAM answers the question '^Vhere do we go tor 
fabrication, assembly, and installation; and what are tlie 
a It erna ti ves ? ” 
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Part breakdown and part control are also achieved by CAM. 

The planning of details and asseanblies are considered. Assembly 
methods must be investigated in cooperation with engineering, 
quality control, tool design, and tlie production shop. New 
methods of assembly are determined to ensure maximxim benefits from 
CAD/CAM and to avoid replanning details and assemblies when 
production has been authorized. 

Computer-aided planning (CAP) (ref- 2) is "the interfacing o± 
a computer system with the planning function whereby the computer 
either assists or performs all or part of one or several planning 
activities.” Under this umbrella, it is difficult to imagine any 
but the smallest subcontractor lacking some form of CAP. 

It is, however, the more sophisticated CAP systems that are 
generating much interest in both industry and Government agencies. 
These systems promise to automaticcilly generate manufacturing 
plans and determine routing, tooling, feeds and speeds, etc., with 
minimum input. Progress in this area appears slow, primarily due 
to high cost. Generally, tliere is also a lack of group technology 
(part families) and “generative” process planning methods - 

A description of computer-aided planning is listed below to 
indicate the normis of this activity in the aerospace industry. 

Determination of Operation Sequence — This determination is 
accomplished with limited knowledge of past parts and/or 
process plans. It involves some use of “standard plans" 
concept on simple machined and sheet metal parts Most 
machined parts and practically all assembly planning 
requiring intricate decision-making remain the sole province 
of the planner. 

Systemi Input (CAP System) — CAP involves extensive use of on- 
line devices such as teletype or alphanumeric cathode ray 
tube (CRT) to input data to computer systems- Planners or 
CRT terminal operators input through such devices in 
abbreviated form or code. (input includes data such as 
length, material, etc-, to facilitate operation time 
standards application by the computer system.) Ability to 
institute miass changes to any or specific classes of parts is 
essential - 

Tool Order Creation — Tool orders remain primarily 
handwritten, i.e., not part of CAP system. 

Tool standards (design and fabrication) are calculated or 
looked up in table by a planner or industrial engineer, and 
tool orders are scheduled manually. 

System Output (CAP System) — Computer -expanded statements are 
output in detail planning form, and Computer-printed (device- 
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printed) planning is provided <it the user’s site. Operation 
time standards are automatically linked to production shop 
loading and pertormance measurement programs. CAP enables 
the user to obtain data on speciiic classes of parts. 

General Features — The present system is not designed as part 
ot a CAD/CAM system out was developed to solve specific 
problem. 

Graphic systems providing manufacturing planning witlA 
geometric information are presently used by very few companies. 
These systems are being developed in conjunction with the 
alphanumeric system to facilitate conimunication between the design 
engineer and the manufacturing planning engineer. 

Graphics will be used to breax down assemblies and show 
details developed by CAD. Information developed by CAD is used in 
varying forms by CAM- iCach transformation of information 
introduces chances for error and taxes time. Ihis cross feeding 
and integration of intonndtioii in pxeliiriinary design ana tiirough 
design c^ianges requires close interaction between design and 
manufacturing. Without this interaction time^ money, and manpower 
will be wasted. 


5-1. 2. 2 Tool Design 

The major effect of computers in the tool design function is in 
the area or computer-aided graphics. Tool design uses the output 
of the CAD progrcunming directly. Production part outlines, 
assemblies, and details are drawn. This reduces the effort 
required to obtain product design information by providing rapid 
access to a visual record ot tfie part. By using as supporting 
tooling preprogrammed macros of commonly used tooling features and 
tooling standards, it is easy to build an image of the required 
tool design- CAD information plus tooling data are incorporated 
into tool designs for drafting tool drawings and graphical 
displays, ^ind for NC programming of tools. 

To ensure effective use or engineering geometry by tool 
design, the ability to edit and manipxilate information on the 
engineering geometry must be simple and rapid, as tool design is 
one of the last operations prior to manufacture. Schedules must 
be met and tool design must react swiftly in order to meet the 
needs of the production shops . 

Although computer-aided graphics are currently used by a few 
companies, tliey are by no meaiiS common- Before a tool design 
departitient can etficiently use these systems it is necessary that 
tiie airplane be defined iii this maxmer. Before this can be done a 
strong commitment must be made by both design engineering and 
manuf acturmg . Although it is app^lrent that universal acceptance 
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o± compTiter-aided graphics will come in -time, the commitment to 
support this technology has not yet been made by the majority of 
the industry. 


5. 1.2. 3 NC Programming 

The NC progrcimming area, with its development of progrcims 
enabling machine instructions to be produced, was one of the 
inxtial users of computers m manufacturing. It is still a major 
user of computer equipment in the aircraft industry, and in some 
areas, unfortunately, NC and CAM are considered synonymous. 

The most common way of providing an NC machine control mediiun 
is still by having a programmer interpret the part geometry on the 
drawing and convert this to instructions acceptable to an NC 
machine. For simple parts, the programmer can write the 
instructions directly into machine-readable code. For more 
complex parts, high-level languages have been developed that 
enable a programmer to describe the part and how he wishes to 
machine it. This information is then utilized by the computer to 
produce the machine -tool-readable code. 

With the introduction o± automatic drafting machines capable 
of being driven using NC progreuuming languages it became apparent 
that, in certain cases, the engxneer could economically provide 
the NC programmer with geometry m a format he could use directly. 

Using a common data base with design avoids the laborious 
method of having NC programmers study the engineering drawing and 
then define the part. Since this takes up much of the 
programmer's time, the cost saving is obvious. Also, the 
frequency of errors, duplication of effort, and program debugging 
can be decreased. 

Interactive computer graphics in support of the NC programmer 
significantly reduces the effort involved in creating control 
instructions fur NC equipment. Working frcrni a common data base 
with engineering product design and tool design engineering, the 
need to interpret their geometric descriptions is reduced. 

Normally, using a high-level language, the NC progreimmer 
writes a description of tlie cutting tool's motion (path) relative 
to selected geometric features of the part. The staurting and 
ending position of each path must be described with the symbolic 
names of the part feature as well as the cutter's relation to 
those entities (to, past, on) and the direction of motion such as 
left, right or forward. A sequential series of these statements 
will describe a path of tiie cutting tool as it moves in, out, and 
around the part without violating desired features of the 
completed part geometry. The programmer must calculate and add to 
these motion statenents the required feed and speed values 
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providing op-timmi met.al removal rat.es and cx?eating accept:able 
surface finish.. 


With interactive computer graphics, the programmer uses the 
automatic motion-generating routines provided to create the cutter 
paths and provide a computer language source code describing tlie 
paths . 

Unfortunately, the systems presently available on the market 
are limited in their capability, being able only to program two- 
and -one-half -axis NC equipment. (There are proprietary systems 
that are more advanced) . The minimum requirement is to support 
five -axis NC equipment. 

This is a relatively new application of computer graphics, 
and improved system performance is expected, based on total 
commitment by manxifacturing and engineering. 

The IPAD data base should be capable of completing geometry 
for drafting and NC programming. This common data base will 
provide communication between design, drafting, tooling, and NC 
processing. 
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5. 1.2.4 Fabrica-tion 


When people discuss CAM -tbere is iiranedla-te association wibh 
NC machines. This connection is obvious, but until the recent 
advent o± CNC and NC systems (see below) , there was no conputer 
use at the tactory level. The only tie was that the NC machines 
used punched tape produced by a computer, nils condition changed, 
however, as DNC systems were introduced, tying the distributive 
confuting system directly to the NC machine controllers or, in the 
case of the CNC system, actually replacing hard-wired NC 
controllers with miniconqputer -based, soft -wired controllers. In 
addition to the application of computers for NC, the use of 
computers for the storage and handling of parts and tools is 
presently receiving some attention, although these techniques are 
still in their infancy. 


Dist ributed Numerical Control (DNC) and Computerized Numerical 
Control (CNC) — The Electronic industries Association (ElA) has 
recently compiled a revised glossary of automation and numerical 
control tejnus. It includes: 

DNC — systCTi connecting a set of numerically controlled 
machines to a common memory for part -program or machine- 
program storage with provision for on -demand distribution of 
data to be machined. Typically, additioncil provisions for 
collection, display, or editing of part-programs, operator 
instructions, or data related to the NC process are provided. 

CNC — An NC system where a dedicated stored -program computer 
is used to perform some or all of the basic NC functions in 
accordance with control programs stored in the read-write 
meoory of the conqjuter. 

Soft-Wired Numerical Control — Another popular term for CNC 

Although most members of the aerospace industry have some 
form of DNC or CNC, a recent survey (ref. 3) indicated that the 
majority of AlA member companies are "actively investigating 
systems that are on the market." The reason it is possible for 
industry to have some form of CNC/DNC and still be interested in 
ftirther equipment is because tlie field is rapidly changing due to 
innovations in minicomputers, software, and other hardware. 


Adaptive Control CAC) — The term adaptive control, when used by 
manufacturing engineers, refers to the automatic adjustment of the 
rate of feed and speed of tlie cutter, drill, grinding wheel, etc., 
in a metal removal operation. (See figure 10.) 
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Figure 10.— Adaptive Control (Early Version) 


Ntunerous metliods have been -tried in order -to develop an 
effective control method, but only in -the area of milling has any 
measurable success been attained, in this operation the most 
widely used methods of AC are a) -the deflection measured at the 
spindle and b) determining how much horsepower is being used. The 
development of adaptive control is still in its early stages, and 
its application is presently limited. 


5. 1.2. 5 Quality Control Interface 

The quality control (QC) depar-tment is responsible for 
assuring that the finished product conforms to the engineering 
design and that a sys-tem of his-torical records is maintained to 
identify actions -taken to produce the product, including objective 
evidence of work performed. 

Historically, QC has been a post -process function. The 
increased use of the computer has impacted -the QC department not 
so much by their increased use in -that area but by -their use 
upstream, which has resulted in parts being produced more 
consistently, with grea-ter accuracy and fewer errors. 

Coiranon geometry used by engineering and manufacturing help 
ensure that information exchange is accurate and parts are planned 
and programmed according to the drawing. The NC machine, adaptive 
con-Lrol, and in -process inspection de-vices all help to ens\xre -that 
the product hardware is produced according to design. 

Al-though these applications of -the computer are related to 
the quality of the product, -tfiey are all areas outside the 
assigned role of -the quality control organization. (The QC 
organization does have -the responsiblity of assuring the integrity 
of the information upon request by engineering and manufacturing.) 

The application of the coxnputer by or for the QC organization 
has largely consisted of specialized NC equipment, programmed by 
the QC people to -verify dimensional correctness of parts. Also, 
equipment -that automatically tests the func-tions of electronic 
equipment, verifies diagnoses, and isolates faults is widely used. 

As in-process verification ana feedback control becoite more 
sophisticated and parts are checked against data base 
requirements, wi-th corrections made while still on the machine, 
the post-processing inspection requirement will be reduced. The 
quality control function will, therefore, move more towards the 
certifies -tion of -the processes -themselves, using -the postprocess 
inspection as a supplemental assurance of in-process verification 
and process control. In order to support this new role, present 
statistical methods will be ±\ir-ther developed to provide a 
comprehensive source of statistical and historical information 
regarding both processes and parts . 
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5. 1.2. 6 Loading and Scheduling 


An industry survey was recently completed to determine the 
state o± the art o± implemented and planned computerized systems, 
techniques, and procedures £or machine loading and scheduling 
(ref. 4). The following is a pertinent passage from the reference 
4 survey: 

"Applications reported on in the questionnaire response 
strongly indicate that the great majority are over five years 
old and that one -third are ten years or more old. These 
older applications are more or less standalone applications 
and not of an information network nature , do not operate in 
real time, may have poor capability for response to changes 
in day-to-day operations. Since these are all ‘current 
systems*, they complement each ccxnpany*s *way of doing 
business.* Each system was developed to automate functions 
in a company subdivision, or department, and are not 
integrated in nature. Communications between departments or 
activities, which exist, ctre tisually procedural rather than 
automated. This creates a situation where any significant 
changes, especially to integrate into a network system, must 
be identified as long range and supported by a comprehensive 
plan. For the near term, the solution is scsne updating, but 
the tendency is to create heavy fiscal and political 
resistance to large chcoige, even though these systems 
probably can be considered as having more than paid for 
theinselves and their continuance may be relatively costly 
coirpared to a modern version." 


5.2 TRENDS IN MANUFACTURING TECHNOLOGY 

One of the major problejas in predicting trends in the 
aerospace indi:ist3:Y is that it comprises such a large number of 
corporations and products and such a diversity of technical 
disciplines that any prediction can only be of a generalized 
nature. As IPAD is intended to support the aerospace industry as 
a whole, it will be necessary to develop a forecast of 
manuf act\iring as it might exist in the 1980 *s. 

The areas to be discussed in this section will cover: a) the 
changes in manufacturing technology, detailing new manufacturing 
processes, and b) the developments in manufacturing systems that 
are leading towards computer-controlled flexible automation. 


5.2.1 CHANGING MANUFACTURING TECHNIQUES 

Although new materials and processes will be developed and 
utilized in the futiire, there is no reason to believe that they 
cannot be accommodated by an integrated system as proposed by IPAD 
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and as forecast: for Uie manutactiirlng area . In fact:, t.he more the 
materials and processes change, the greater is the need for a 
system that will keep the design engineer up to date on cxirrent 
capabilities and requirements in the manufactviring area. In order 
tor the scenario of manufacturing in the 1980 *s to be complete, a 
brief description of changing manufacturing technologies has been 
included. 


5. 2. 1.1 Decreased Chip Making 

Anticipated future changes in metalworking processes, for 
example, include a definite movement toward metal forming and 
metal synthesis rather than metal removal. More pieces will be 
stamped, cast, formed by powdered metallurgy, or formed by newer 
techniques of metal part synthesis. Other techniques such as 
laser cutting, improved NC welding, NC grinding, electro-ctiemical 
machining, and automated bonding processes may also become common 
metal processing methods. 


Castings and Forgings — Research and developments are taking place 
to enable castings and forgings to be made to extremely close 
tolerances, so that parts will be net size or will require minimum 
metal removal. 


Powder Metallurgy — New technologies like powder metallurgy, which 
uses injection molding with powdered metal, are making advances 
due to their potential for producing thin-walled parts more 
economically than by casting. 


Grinding — Changing aerospace designs require that in areas where 
metal continues to be used, higher -strength material and closer 
tolerances will be called for. It has been forecast that the use 
of the grinding process, which satisfies both of these 
requirements, will continue to increase, and research is being 
devoted to improvements in this curea. Emphasis is being given to 
abrasive machining systemis that can outperform conventional 
milling for high-speed metal removal. 


Special Metal Removal Techniques — Due to increasing hardness in 
materials used in aerospace components, several techniques have 
emerged that will become increasingly common. Examples of these 
are electrical discharge machining, electrochemical machining, and 
laser beam cutting. 


5.2. 1.2 New Materials 
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Not only will manufacturing operations change to take account 
of decreased metal removal techniques, but we can also expect 
Increased use to be made of plastics and composites in new product 
designs. Although limited use has been made of bonded structure, 
peirticularly in the manufacture of fighter aircraft, the vise of 
this technique in major structures has been avoided. Additional 
research is required in this area, but cost and weight advantages 
of this technique indicate that its use will expand rapidly. 

The predictions below, quoted from reference 5, indicate that 
a rapid increase in use of composites can be expected in aircraft. 

"The McDonnell Douglas F-15 fighter contains 
225 lb. of carbon and boron composites, and 
George P. Peterson, director of the Air 
Force Materials Laboratory at Wright- 
Patterson Air Force Base in OMo, believes 
that by the early 19B0s the Air Force may 
have a fighter witti a structure that is 50% 
composite. By the 1990s, predicts Robert L. 

Vaughn, an engineering program manager for 
Lockheed -California Go-, 'about 70% to 80% 
of the structural weight of a commercial 
airplane will be made of advanced composites.'" 

The increased use of plastics and composites has the effect 
of replacing built-up slieet metal assemblies with single (or few) 
parts for which digital definitions are required. The initial 
impact may be slight, but the combination with NC sheet-metal 
centers will result in a large increase in digital definitions in 
the IPAD data base. 


5.2.2 CHANGING COMPUTING CAPABILITIES 

Except for business systems, tlie use of computers m 
manufacturing has until recently been primarily in the control of 
individual processes. The integration of these processes and the 
closer tie with the design function are directions now emerging. 
This, it is felt, will provide major benefits in the producibility 
of parts being designed and in the management of operations. 

The majority of con^uters \ised in the control or automation 
of production, quality control, and process monitoring in the 
aerospace industry are minicomputers. It has become evident that 
the new small computers have as much or more available capacity 
than did some of the early large computers, but at a much lower 
price. Also, systems based on luiniconputers are relatively simple 
in comparison to the very large, multifunction systems. 
Minicomputers peinnit the development of systems to satisfy 
requirements as they arise instead of having to find a sufficient 
nvimber of applications to justify a large- or medium-scale 
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conipu-ter. It. is the continuation o± the trend toward lower 
computer hardware costs and the hierarchic approach to designing 
systems that will provide the means for fully utilizing the 
computers capability in manufacturing. 


5. 2. 2.1 Computer Hardware 

The change in computer hardware that over the past 15 years 
has resulted in the reduction in cost and correspondingly wider 
use. The increase in the number of components on an integrated 
circuit (IC) chip has not only led to a proportional decrease in 
cost but also to an increase in reliability. This trend, along 
with its associated benefits, is expected to continue at least for 
the next five years. David A. Hodges has stated (in “Trends in 
Computer Hardware," Computer Design , February 1976) that “by the 
early 1980s, it is possible to visualize the existence of a 
complete minicomputer system on a chip, including a 16 bit CPU, 32 
kilobits of read-only and/or read/write memory, and simple 
input/output |l/0) interfaces. Speed, as limited by power 
consumption and serialized I/O, might be in the range of 100,000 
to 1,000,000 instructions; manufacturing cost should be $10 or 
less." It is this low cost and improved reliability that will 
ensure the continued gxowtli of computer usage in manuf actxuring 
industries . 

Along with improvements in the central processing uriit comes 
a reduction in cost of fast-access/storage devices. These 
changes, as well as the increasing cost of telephone connections, 
come into the decision regarding con^juter architecture. They 
point the way to multiterminal systems, each maximizing internal 
information processing and storage to minimize commvini cation with 
the central computer, the central computer being used only for 
shared data bases. 


5.2. 2. 2 Hierarchic System 

Altliough large-scale computers are used to drive a large 
number of control systems , it is generally believed that 
dependence on a centrally located computer is unwieldy and 
uneconomical. With this type of system the whole plant is 
dependent on the coitputer being operative which often makes a 
backup system necessary - 

The development of minicomputers has changed this concept, 
and the benefit of a hierarchic approach has been appreciated. 
Beside the ability to develop portions of a system one piece at a 
time as the need arises , the total system is not so concerned with 
the failure of one of the several minicomputers, as only a small 
portion of the plants capacity would be affected. 7U.so, if 
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similar hardware was being used, an extra backup tinit could be 
held in support, of any of tiie severed, units. 

Minis are capable of carrying out many processing activities 
and can at intervals transmit or receive data at a higher -level 
central system. This is a form of problem distribution whereby 
each level of the hierarchy has the ability to develop a solution 
for that problem. 

The multiple processor systems are gaining popvilarity in 
manufacturing, as large numbers of industrial processes are 
relatively independent. A hierarchy can, however, be formed ty 
integrating the processes with links that allow the tasks to be 
coordinated and scheduled; or it may pass any other type of data 
to a central computer. 


Computer Numerical Control (CKC) CNC is defined as "an NC 

system where a dedicated stored program computer is used to 
perform some or all of the basic MC functions in accordance with 
control programs stored in the read-write memory of the computer." 
This type of system, also known as soft-wired control, became 
economically viable in the early 1970 *s. 

The initial CNC systems merely duplicated the traditional 
capabilities of hard-wired NC plus having the capability of buffer 
storage. This relatively simple extension improved tape reader 
reliability because of fewer starts and stops . Additional 
extensions in storage enable cutter length and diameter changes to 
be acconmodated and allow axis error calibration to be accotinted 
tor in software. Soft-wired controllers have also been developed 
to enable CRT displays and on-tfie- floor editing of machine control 
data and to provide specialized test and diagnostic routines, 
permitting the identification and isolation of any control 
malfxanction . 

It is apparent that minicomputers will continue to increase 
in usage in control systems, not only due to their improving 
competitive price but also because the potential features of 
computerized NC will be exploited. Tasks will become more conplex 
and better suited to their speed. The minicomputer will not 
merely take over tasks that can be performed by a conventional 
hard-wired controller; it will carry out such tasks as integrating 
part programming, complex adaptive control, machining 
optinization, or data communication management. Thxis, a CNC 
system can include mass storage peripherals that store a library 
of part programs; integrate with a larger management information 
system from which it can retrieve programs as required; or store 
data that it has monitored regarding piece count, malfvxnction 
alert, downtime, and any other system performance parameters. 
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D is-tributed Himerical Cont.rol (PNC) — DNC is a system connecting a 
number of numerically controlled machines to a central computing 
system with sufficient memory for machine program storage with 
provision for real-t.ime access and distribution of data as 
requested by the NC machines. This type of system, presently 
implemented in some of the larger companies, is one of the most 
"visible" steps in the hierarchy toward a fully integrated 
manufacturing system. 


5. 2. 2. 3 Software 

As the cost of computer hardware continues to fall, the 
importance of developing supporting software plays an increasingly 
dominant role in the economics when trying to justify computers in 
manufacturing. It is these software costs that are giving impetus 
to the cooperation of companies in developments in these areas. 
Various Government bodies have also seen the benefits and 
necessity of this cooperation and have, in ceirtain instances, 
provided additional incentives tor industry to cooperate in these 
developments . 


Manufacturing Information Systems — Manufacturing information 
systems will be developed that will tie all manufacturing files 
and reference tables together into a data base. These systems 
will be designed to enable a wide range of users to interact with 
a common integrated data base. Users will access this data 
through terminal devices in a manner that will enable them to 
retrieve data by explicitly defining their requirements or 
indirectly by using an implicit relationship. 

At present, manufacturing information systems are alpha- 
numerically oriented services, with limited use being made of 
graphic information. In order to ensure better use of all the 
data that will be available, it will be necessary for the tiser to 
easily comprehend the information presented to him. This may be 
achieved by showing the information as text, tables, networks, bar 
charts, graphs, or diagrams; in some instances, the information 
may be animated. The form that this output would take would be 
determined by the system, which would select the structure that is 
easiest to comprehend. 

This data base will be constantly updated and utilized and 
will conprise of the following types of data: 

Parts and product information — geometry, specifications, 
codes, cost, hierarchic arrangement 

Purchased material inforsiation — ^vendors, vendor catalogue, 
codes, addresses, types of parts, open orders, prices 
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Plant, facili-ties — fixed equipment and utilities, trucks, 
cranes, etc., and their moving and carrying ability 

Routing and operations — standard plans, codes, machines, 
tools, and related standard times and costs 

NC operations — machines, tools 

Parts and order status — in -work, stored, behind schedule 

Cutting tools — cutters, codes, material, feed, speed 

Material characteristics — cutting feeds, speeds, cutting 
f Ixiids 

These are some of the many files that will be stored in a 
manner that will enable it to be most easily extracted and in a 
format designed for its intended use. As a result of this 
capability, coordinated current information is availeible to all 
users of the system at all times. This will enable the 
manufacturing organization to respond more quickly and with less 
chance of error than before. 


Automated Planning — These systems are initially expected to aid 
planning by retrieving plans similar to those required using a 
classification code. This "standard plan" may then be modified to 
the unique conf igur at ion required. It is, however, envisaged that 
this type of system will be developed to have decision capability 
based on design output. Features would include automatic 
calculation of feeds, speeas, cutter selection, and standard time 
data . 


Improved NC Langxiage — Major improvements in NC languages will be 
adopted in the form of languages that utilize geometric 
information and also considers material and cutter information. 
With these systems, we approach the fully automated NC program 
whereby information from the design engineer can be translated 
into an NC program with only the minimum of manufacturing 
intervention . 


EXAPT — Uie EXAPT program (an extension of APT) takes into account 
not only geometry but also optimal cutting conditions, 
manufacturing and tcx>l sequence, tool selection from libraries of 
standard preset tools, collision computation, division of cuts 
(based on the calculation of suitable speeds and feeds and depth 
of cut in view of the constraints arising out of available power) , 
maximum permissible surface rouglmess, and properties of the work 
material. 
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Although EXAPT appears t.p be more advanced than APT, it. is 
limited by the volume of geometric and techiaological information 
that it has to process. Therefore, KXAFT is appropriate for work 
up to 2-1/2 axes, but for more sophisticated multi -axis 
programming, APT is the only suitable language. Although EXAPT is 
the most widely known of the extended APT programming languages, 
development is continuing on otlier languages that promise similar 
benefits. 


Special Computer Software — One good example of special capability 
was developed at Battelle Columbus l>aboratories for designing and 
analyzing the forging process. Using an interactive graphics 
system and the "FORCE'* computer programs, a designer is able to 
observe a simulated disclosing which permit meta.l flaw and stress 
conditions to be seen. Modifications can be made to tlie die 
design and the results of the change viewed. 


Minibased Graphics — Several minicomputer -based interactive graphic 
systems have appeared on the market that are presently being used 
in support of both design and manufacturing operations. Some of 
these are "txirn-key" systems that provide a complete 
so ttwa re/hardware package. Other suppliers offer the software for 
such a ^stem. These have been used to develop printed circuit 
boards and more recently have been applied to product design, tool 
design, NC tape generation and verification, and quality 
assvirance. Some of these systems offer 3-D graphics capability. 
They can be used as a stand-alone, a satellite station (connected 
to a larger system) , or part of a distributed system. 


5.2.3 NEW CAM TECHNIQUES 

This section discusses new CAM techniques that are still in 
their infancy but are generally accepted as systems applicable 
throughout the aerospace industry. 

The reasons behind the ability to justify these systems — and 
the technologies involved — have been mentioned in sections 
5.2.2. 1, 5.2.2. 2, and 5. 2. 2. 3. This section will outline the 
application of computers in manufacturing. 


5.2.3. 1 Graphics 

The economics of utilizing numerical drafting techniques are 
very poor when one tries to justify such techniques on the basis 
of providing a drawing alone. This is due to the fact tJiat the 
drafting operation is simply replaced by a programming operation. 
Improvements can be achieved by providing macros for common items 
or by writing master programs that can be easily modified to 
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generate a. large family of parts. However, computer graphics has 
its real potential when integrated into a manufacturing system 
where most, if not all parts are numerically defined, so that 
numerical control can make direct use of this data. 

The three major facets of manufacturing engineering — 
programming, tool design, and manufacturing planning — are expected 
to make use of interactive graphics. 

Interactive graphics provide a sxgnificant opportunity to 
increase the overall productivity of the tool engineering 
functions through the use of automated design, drafting, and NC 
programming. Utilizing a CRT to extract engineering/manufacturing 
part definitions and previously defined macros from a data base, a 
picture of the required tool can be quickly formed. This 
information can then be used to produce a drawing automatically; 
also, the geometric definition may be used directly by NC 
prog ramming . 

NC programming will utilize computer graphics to achieve 
significant reductions in the effort required to create control 
instructions for NC equipment by using a CRT to interrogate the 
data base. Both part and tool descriptions defined by engineering 
and tool engineering may be obtained. The programmer will then 
create additional geometry to satisfy machining requirements prior 
to creating cutter paths. 

The manufacturing planner will use computer graphics to 
display, interpret, and manipulate design data. It will also be 
possible to copy the engineering uata file, which may then be 
manipulated as necessary to reflect the manufacturing plan. This 
information will then be conveyed by CRT display or hardcopy 
output to the downstream organizations. 

Hven witli the increased use of CRT displays in manufacturing 
engineering and the obvious applicability to distributed 
manufactiuring systems, it is difficult to imagine the hardcopy 
design drawings disappearing totally from the shop floor, whether 
prepctred niimually or from computerized data. 


5. 2. 3. 2 Material Handling and Storage 

This is a subject area in which it is difficult to forecast 
future developments as it is kiiown that these types of systems are 
already operational. It is easy, however, to imagine these 
systems being more fully utilized. Although the potential for 
application of automated material -handing systems in the aircraft 
industry may not be as extensive as in mass production industries, 
the improved flexibility offered by programmable material handling 
systems will enable them to be more widely used in the integration 
of manufacturing systems. 


66 



These inat.erlal hemdling syst-ems would besi: be utilized t.o 
support laanutacturing shops that are organized to fit the group 
technology "family of parts" (see section 5.2.4) concept. The 
manufacturing areas would be divided into sections, each of which 
produces a specific family of parts and employs a specific method 
of material handling. 

Groups of machines within a particular work area would be 
located within reach of a robot transfer device so that they could 
be loaded from a conveyor which would supply the shop from an 
automated storage area. These storage areas would be used for 
storing and retrieving materxals, parts, and tooling and keeping 
track of all movements within the bxiffer storage system. The 
material, part, or tool to be stored has initially to be 
identified and entered into the computer’s inventory. The part 
will thc^n be optimally positioned tor retrieval within a large 
storage area by use of autcnnatic conveyors, stacker cranes, etc- 
The position of the item is recorded by computer so that it may be 
retrieved at a later date. The buffer storage devices could then 
automatically issue parts and material to the area material 
handling system in order to load the shop according to optimized 
shop loading programs. 

The material handling systems would also include the 
reporting of material, part, and tool location throughout the 
manufacturing areas. The movement of materials through the area 
could initially be tracked through manual inputs from sliop 
terminals but could be further automated through the use of 
sensing devices . In order to be even closer to a fully automatic 
system, the material handling system and direct numerical control 
systems would be integrated, thus facilitating the manufacture of 
a pcirt by transfering and machining parts at sequential work 
stations. 


5. 2. 3. 3 Robotics 


In the previous section, reference was made to the use of 
robot transfer devices. In the material handling system suggested 
the robots would most likely be relatively unsophisticated- In 
the area of automatic assembly, robotic devices are being 
developed with a degree of complexity directly related to the need 
for sensing devices and number of axes of motion. However, 
robotics have not yet found a wide range of tasks within the 
aerospace industry for which they can be economically justified, 
ivo factors that are exp>ected to make the use of robots more 
widespread in the future are: a) reduced price of 

microprocessors; and b) the development of tactile and visual 
sensors that will enable the machine to adapt its task based on 
its environment. Applications of these developments are listed 
below: 



Au-toroat-ed Visual Sensing — The ability to identify a part and 
determine its orxentation and position is being developed for use 
in robotic systems for sorting and positioning parts for assembly - 


Visual Inspection — Compares a part with its stored image in order 
to verify completeness and correctness or detect flaws and damage. 


Tactile Sensing — Sensors are incorporated in ntcoiipulators to 
enable forces and torques to be measvured. Ifiis feedback mechanism 
could be utilized in assembly robots. 


5. 2. 3. 4 Adaptive Control 

Modern production systems are becoming more complex due to 
the increased complexity of parts manufactured and the demand for 
higher dimensional accuracy and better surface finish of the 
parts. The method by which these systems may be effectively 
optimized will depend on the edaility of research engineers to 
develop new concepts of adaptive control. The tasks of designing 
an adaptive control system and determining the setting of the 
system *s optimum operational condition are extremely important 
problems yet to be solved. 

Optimization of the various manufacturing processes that 
comprise a production system requires a clear understanding of the 
process to enable effective control systems to be utilized. Based 
on the advances being made in disciplines such as information and 
communication theory, control systems, probability and random 
process theory, and with the power and versatility of the 
computer, it is thought that models identifying the 
characteristics of each manufacturing process can be developed. 
This will enable the performance of tiie system to be described 
quantitatively, thus enabling optimization to be achieved. 


5. 2. 3. 5 Further Examples 

Additional exan^les of how the computer is impacting the area 
of manufacturing is illustrated below. 

Sheet Metal Center 

Sheet metal fabrication has not had a major technical break- 
through in fabrication of parts from sheet stock in over 
thirty years. The standard practice is still that of 
multiple handling with only one operation performed at each 
station. The computer now makes possible a new approach, 
that of enabling mviltiple operations to be performed with 
automatic handling between, and positioning at, sequential 
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sheet, metal operations. (See figure 11.) The Air Force ICAM 
program is studying this capability. 
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Figure 11 .—Sheet Meta! Center 













Roll Forming 

Advances in NC in the sheet metal area is also visible in the 
development of numerically controlled roll application 
enabling certain stringers, frames, spars, and ribs to be 
formed. (See figure 12.) Additional developments are 
planned to extend the equipment’s capability to allow 
variable angle sections and varxcible section height to be 
processed. 


5.2.4 CLASSIFICATION AND CODING 

Classification and coding is a method by which numbers or 
letters are arbitrarily assigned to specific geometric or function 
attributes. When similar items are coded according to these 
attributes the parts can be grouped into classes identified by a 
code. 


Many different systems have been designed for classifying 
different types and categories of parts . This permits the code to 
be quite shoit but limits its usefulness. Unfortunately, the more 
nearly universal a code is, the more difficult and expensive it is 
to use- Therefore, systems presently in use tend to be a 
compromise between these two extremes . 

Engineering aesign has implemented coding systems in order 
that duplicate or near duplicate parts will not be redesigned, 
thus saving costs in both engineering and manufacturing. Codes 
developed for grouping processes and/or routines are still in 
their infancy in the aerospace industry but promise benefits: 

The ability to retrieve and generate manufacturing plans 
using standard operation instructions based on proven 
manufacttiring practices 

The ability to find and select existing tooling for new parts 

Reduced set-up times between similar batches when scheduled 
in sequence 

Optimum grouping of manufacturing equipment 

The ability to estimate the cost of new parts based on stored 
data with similar codes 

Make/buy decision made on feimilies of parts 
Justification of specialized equipment 
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When fully inplenten-ted, -the classiflca-tlon emd coding (C&C) 
system is used by designers and draftsmen in the design 
environment and by manufacturing and industrical engineers in the 
manufacturing opera-tions. (See fig. 13.) An integrated system 
such as IPAD can greatly enhance -the benefi-ts of -the CSC system 
wi-thout impacting IPAD.. The code xs merely one element assigned 
to a paart (see fig. 14) and in some companies is replacing -the 
part number (see section 6.3.5) . Ihe ICAM Air Force program 
includes -the development of a plan for a classif ica-tion and coding 
system. Figure 15 illustrates -the potential scope of a CSC 
system. 


5.2.5 QUALITY ASSURANCE 

New technology and trends xii quality assurance are discussed 
below. 

5.2.5. 1 image Anal vs xs 

This xs a technique referred to as "ar-tif icial intelligence'* 
whereby au-tomatic visual xnspection is utilized to check parts for 
conformance -to requirements. 


5. 2. 5. 2 Inspection of Numerically Machined Hardware 


Post-Process Inspection — The industry-wide method for dimensional 
inspection of numerically machxned componen-ts /hardware primarily 
consists of post-process measurements. This method requires -the 
fabr ica-tion -to be complete or partially complete and the 
inspection accomplished as a separate operation. For products 
having a hxgh volume of diverse geometry , complex design, and many 
component parts, -this method of xnspection has an adverse impact 
on costs and schedules. 


In-Process Inspection — in-process inspection has been deemed -the 
most feasible way to achieve configuration -verification on 
numerically machined hardware. In-process inspection is generally 
accomplished: 1) during -the actual machining operation, 2) at 

intermediate steps during machxtiing, or 3) at -the conclusion of 
machining but prior to part removal from the machine. Stage 1) 
would be -the most cost-effective, as the inspection would be 
complete at -the conclusion of -the machining operation without 
additional handling. 

The introduction of CAD/CAM emphasized -the need to develop an 
advanced inspection capability which can efficiently and 
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Figure 14.— Example of Part Classification Code 



A broad spectrum classification and coding program can provide 
virtually unlimited benefits. 


Figure 1 5.— Potential Scope of a Classification and Coding System 
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acctirately assess part geometry during numerically controlled 
machining processes. 


Trends — ^It is anticipated that technical advances in dimensional 
measurements will keep pace with the higher -volume and more 
complex NC -controlled machined parts. The areas being explored 
through approximately ten years ot research, as shown in figure 
16, will cav&c : 

Advanced probe design for contacting, noncontacting, and 
three-dimensional sensing systems 

The capability to inspect large hardware using nxamerically 
controlled machines 

Definition of an advanced laser monitor concept for in- 
process monitoring during numerically controlled machining 
operations 

Simultaneous machining and contour measurements during 
numerically controlled processing 


5.2.6 ORGANIZATIONAL RESTRUCTURING 

As the interface between manufacturing and engineering design 
improves due to the ccmmon data base being utilized, the sharp 
division of disciplines which is presently apparent will tend to 
disappear. The data base will act as a bridge over this division, 
thus forcing a restructuored organization to develop- The 
distinction between the design engineering function and that of 
the man\if acturing engineer will tend to diminish as more powerful 
computing systems are developed to support these activities. Thus 
the present division of responsaDilities will have been lost. To 
prevent this, the initial decision on how the paart is to be made 
should be determined prior to design formalization. 

If the designer has an xnteractive graphics terminal it will 
be possible for him to define the configuration required. The 
designer could then utilize the CRT to define the required cutter 
path and utilize the large technological data base vAiich will be 
available to him tor determining other manufacturing parameters. 








5.3 FORECASTS 


Previous sections of tiiis chapter include changes that are 
taking place in manufacturing. These are discussed in order to 
show the direction in which mantif acturing technology is going . 

This section summarizes forecasts, requirements, and 
predictions from recent svirveys in order to indicate the level of 
confidence in these deveiotanents and to indicate when specific 
capabilities will be acquxred by industry. 


5-3.1 Production Technology Advancements Forecast to 1988 (ref. 7) 

This study enables us to obtain an idea of long-term 
developments predicted by a wide rcinge of categories in the 
metalworking sector including ttie aircraft and aerospace 
industries. Although it was released in 1973, its findings are 
still ccMJsidered relevant. 

The report states: "In order to obtain a meaningful view of 
future production technology in the metal working industries, a 
Delphi -type forecast of this subjject was undertaken by the 
Industrial Development Division of the University of Michigan. 

The forecast was initiated rn May 1972 and completed in March 
1973. The major contributors to the forecast were managers from 
US metal working companies." Their collective opinion is 
presented below. 


I . MANUFACTURING SYSTEMS 


Range of Applications : 

198U Computers will optimize tool life, productivity, 

and surface quality in 25 percent of the total 
manufacturing effort. 

1984 One-fourth of all new equipment purchases will be 

installed in new plants. 

1988 Half of the total machine tools produced will be 

for \ise in versatile manufacturing systems. 

Approximately 25 percent of all manufactured parts 
will be produced and inspected for an entire shift 
without human intervention. 
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Contxol and Main'tenance: 

1978 Sensors will reject bad parts at intezmediate steps 
in "batch-part" transfer lines. 

1979 Errors or deviations from schedules will be sensed 
and corrected, automatically, for 25 percent of all 
manufactucing systems. 

More than 25 percent of purchased equipment will 
use software developed by the tzser. 

Improved accuracy control and on-line sensing will 
cause a 25 percent reduction in part scrappage. 

Material Handling: 

1982 Automated material nandling components will account 

for 25 percent of the cost of new manufacturing 
systems . 

Fully 25 percent of today’s manufacturing areas 
will be reorganized to take advantage of material 
handling advances. 

1986 Adaptive material handling devices will be 

available and in wide use. 

Cost and Justification: 

1980 One-fotarth of all new purchases will be total 
syscems, purcliased from a single source. 

Computers and computer support equipment will 
account for 15 percent of all manufacturing cost. 

1985 Flow time reduction will be the major equipment 

justification factor. 


II. MACHINE TOOLS 


Control Methods: 

1982 Postprocessor programs will reside in a dedicated 

mini- or micro -computer. 

1984 NC controllers will be a hybrid combination of 

specialized integrated circuitry and micro- 
computers. 
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More than 65 percent o± NC machine tool production 
will not have tape readers . 

Approximately 35 percent of existing NC machines 
will be linked to a control computer (DNC) . 


Accuracy and Quality Control: 

1980 Surface roughness will be measured and controlled 

for more than 20 percent of all cutting and 
grinding operations. 

1982 One-fourth of ^'i > discrete part production will 
require accuracy and/or quality standards that meet 
or exceed the best available today. 

1983 The best attainable machine tool accuracy will have 
improved by 50 percent. 

On-line gaging wxll be included on at least 25 
percent of all new machine tools. 


Adaptive Controls: 

1980 One-fo\irth of new machine tools will have adaptive 

controls as standard equipment. 

Ten percent of existing machine tools will be 
fitted with adaptive controls - 

1984 Adaptive controls will account for 20 percent of 

the cost of a new machine tool. 


Productivity : 
1980 


Cutting time increases will improve machine tool 
productivity by 25 to 30 percent. 


III. COMPUTER APPLICATIONS AND PROGRAMS 


Part Programming Developments: 

1980 A standard language will be available for on-line 

program modification on a modest control computer. 

A computer software system for the full automation 
and optimization of all steps in part manufacturing 
will be used for at least 25 percent of all parts. 
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Part, programmers vrxll be eliminated on 25 percent 
o£ NC produced parts. Geometric data will be 
generated by the designer and all technological 
data will be generated in the computer. 

Mock-ups and/or profile work will be eliminated on 
25 percent of all dxe construction. 

1982 One— fourth of all formed parts will be generated by 

conplete softWcire systems that optimize product, 
tool, and process considerations. 

One-fourth of all tools and dies will be engineered 
cind/or designed with computer graphics. 

Program Verification 

1977 More than 25 percent of all NC produced parts vrill 
be verified with software and display devices 
rather than on tlie machine tool. 

Maintenance cind Control Software: 

1978 About 25 percent of all equipment failures will be 
detected and diagnosed by on-line software. 

1980 Software methods for locating individual parts in a 

manufactxiring facility will be available. 

Instantaneous displays ccanparing scheduled versus 
actual conditions will be employed in 25 percent of 
all manufacturing operations. 

More than 25 percent of all machine loading and 
scheduling will be done with computers. 

Management information systems, capable of a 
significant improvement in economic performance, 
will be in wide use. 

1988 One-fourth of all factories will be able to commit 

and process complete orders without any paperwork. 

Standardization : 

1978 Standardization of software will be accomplished in 
at least 25 percent of all developments . 

1979 Group technology concepts will be used on 25 
percent of all mcinufacturing applications. 
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1985 The use of standard data will pezmit DNC systems to 

be used with consistent performance and predictable 
time values. 

Data Banks ctnd/or Special Computer Resources: 

1982 Large data banks, central and external to tlie 

company with the machine tools, will be available. 

1985 More than 50 percent of all records, drawings, 

etc., will be stored In computer memory and 
accefised by automatxc drafting equipment. 

1987 A majority of US industrial leaders will be willing 

to participate in shciring manufacturing data. 


IV. PERSONNEL AND SUPERVISION 


Total Labor Force: 

1976 The major equipment justification factor will be 
the reduction in labor hours per unit output. 

1979 More than 25 percent of all US metalworking 
personnel will be directly involved with NC and 
DNC. 

1982 The production labor required per unit output of 

discrete part production will have decreased by 25 
percent. 

Programmers : 

1977 Part programmer time per average part will be 
reduced by 25 percent. 

1980 Computers and software support will accotint for 10 
percent of the manufacturing direct labor force. 

1988 More than 50 percent of all US metalcutting 

operations will have a DNC specialist. 

Part progrcimmer time per average part will be 
reduced by 65 percent. 

Managers: 

1980 A new breed of production manager, familiar with 

computer methodology, will be commonplace. 
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1988 A 10 tx> 20 percent: reduction in intermediate level 

managemeat per unx't of work tfill result, from 
advances in information net:works. 

In addition to conducting the study to obtain a technological 
forecast for the U.S., the results were compared with results 
obtained in 1971 from a Delphi-type forecast by the membership of 
ClI^, an international group of production research personnel. 

The results obtained from these two studies were found to be 
similar. 


5.3.2 AFCAM Iref. 8) 

It was proposed during the AFCAM project that the transfer 
and application of existing computer-aided man\if acturing (CAM) 
modules be promoted and new CAM modules that were shovm to have a 
high priority of need be developed. One of the tasks diiring the 
program was, therefore, to identity and prioritize a basic set of 
modules with common potential applicaticai to the aerospace 
industry. The set of modules prioritized did not take account of 
all projects suggested tor development; these have been listed 
below. 

The data received during the AJ'CAM survey was not 
sufticxently detailed to obtain a clear understeinding of the 
different companies* requirements; often, titles only were 
submitted. However, the list indicates CAM capabilities that 
aerospace compcuiies presently lack but are interested in 
developing . It can therefore be used as an indicator of the 
direction that we are traveling. 

CAD/CAM interface 

Data base of drawings: 

Optimum data base 
Retrieval of CAM data base 
Standards and Specifications 
Machinability data 

Configuration management: 

Audit of manufact\iring and design product 
definition files 

Group technology: 

Part classification (plant layout) 

Computer-aided planning : 

Process planning optimization 
Prepare process sheets 
Process planning 
Real-time work instructions 
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Bills of material: 

Assembly log 

Scheduling 

Machine loading and scheduling: 

Production scheduling 

Upgrade shop order control: 

Production control 
Manufacturing control 

Inventx>ry control 

Increase machine tool utilization: 

Machine monitoring 
Monitoring system 
Material handling monitor 

Cutter selection and design: 

Tool selection 
Tool design 

Implement change notices rapidly: 

Visibility when change notice is at shop floor 

Real-time cost/schedule performance: 

Cost schedule control 

Predict cost data: 

Determination of producioility and cost of product 

Direct numerical control (DNC) : 

Computer numerical control {CNC) 

NC verification system 
NC tape verification 
Preparation of NC document 
Enhance NC programming procedure 
Adaptive control 

Single point automatic size control 

Ijaser computer assisted size surface characteristic 
condition and adaptive control 
Programmed path axis monitor 
Programmed path cutter monitor 
NC tape production electronics 

Automated electronic assembly: 

Integrated manufacturing line 
Computerized assembly 

Automatic drilling and assembly device 


Digital electric probe 



Qtjali-ty control: 

Functional testing 
Simultaneous Inspection 

Thermograptilc control/inspection applied to processing 
and electronic ass^nbly 

Automatic workpiece handling: 

Automated warehousing 

Simulation: 

System simulation for capital equipment 
System simulation 
Factory simulation model 

Remote computer graphics: 

liow-cost computer -independent graphic terminals 
Graphic shop order location and status 
Computer graphics part programming 
Computer graphics tool design 
Art roaster production electronics 

Procurement : 

Preparation of purchase orders 

Man/computer interface 

Wireless terminals 

Report generator 

Optimization of metal cutting 

The AFCAM program which was concluded in March 1974 received 
favorable responses from the aerospace industries, the Air Force, 
and the Department of Defense. The integrated computer-aided 
manufacturing (XCAM) project has recently been started and is 
based on the results amd recommendations of AFCAM. 

The Governnient *s involvement in the development of CAM 
teclmology will broadly effect industry and lead to “standard" 
solutions to conanon problems. This pcurticipation will make CAM 
systems more econcmilcally justifiable and e:q>edlte their 
availability . 


5.3.3 CAM-1, A VIEWPOINT (REF. 9) 

C. H. Link, general mcinager of Computer Aided Manufactinrlng, 
International, Inc. (CAM-I) was recently asked what developments 
could be expected In the next decade. Although CAM-I covers more 
than just the aerospace industry and is actually a "quasi -broker 
for establishing research projects among Its members, which are 


drawn froot industry, academia, and govexmnent,** it is thought that 
the following predictions by Mr. Lxnk could as well be applied to 
the aerospace industry alone. 

"1977 Automated planning systems will be available to 
generate process sheets for nachined and sheet - 
metal parts, castings, forgings, and electrical 
coioponents and assemblies. 

"1978 Advanced automated planning systems will begin to 
be applied in large companies. 

"1980 Medium- to small -size companies will start to xise 

automated planning extensively. Minicomputers will 
be in wide use tor shop monitoring and control 
functions. Software systems will be highly modular 
and of similar designs, and standard communication 
methods will be used. 

"1983 Full mathematical/geometric capabilities will exist 
tor design and manufacturing -engineering use. 

"1985 Minicomputers will become dedicated to line and 

management functions in a hierarchiccil structure. 
The use of large computer systems in functional 
areas will decrease ; they will be used more for 
solving large corporate analysis problems." 


5.4 CONCLUSIONS 

We are now in what may be tfie fastest changing technological 
era ever, supported by the development of the computer and its 
application in- the scientific, business, design, and manufactxiring 
world. This section has outlined the changes that are taking 
place in manufacturing and has indicated developments predicted. 

It will be realized that these predictions are general in nature 
and that no two companies or plants within a company will ever be 
at the same level of automation. Different problems will have 
higher priorities within different plants, and different solutions 
might be chosen to overcome these problems. Iherefore, although 
attempts are being made to provide common solutions to problems 
through such endeavors as AlA, ICAM, and CAM-I, only limited 
portions of computer -integrated manufacturing will be the same 
within different aerospace con$>anies at any pcorticular time. 

Although we may perform studies and predict future trends in 
order that we may plan for their occurrence, the plan itself must 
be dynamic if we axe to accoxmt tor differences in predicted and 
actual occurrences. The period under consideration covers a 
number of years during which the state of the art will change. 
Since all changes that will occur cannot be anticipated, we are 
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only able bo idenbify developmenbs based upon bechnology bbab Is 
known boday. This does nob mean bhab such a prediction cannob be 
of benefib, only bhab any plan based on ib imisb be able bo 
accommodabe change. 

Two facbors appear bo be mosb imporbanb in bhe conbinuing 
improvemenb in producbivibyi firsb, bhe improved informabion 
exchange bebween design and manufacburing facilibabed by improved 
daba base sysbems; secoixl, improved small-scale cooqpubing hardware 
leading bo a greaber number of viable compuber applicabions and 
correspondincdy bebber direcb conbrol of machines and processes. 

The conbinuing evolubion of manufacburing con^uber supporb 
sysbems will def inibely influence bhe direcbion of bhe IPAD sysbem 
design. Ihe brend bhab will have bhe mosb significanb effecb is 
bhe conbinuing evolubion in CAM sysbems, including: 

Direcb numerical conbrol 

Automabion of sheeb mebal fabricabion processes 
In-process inspecbion methods 
Automabed material handling 

Expanded use of minicomputers and microprocessors 

Interactive graphics for tool design, NC programming, and 
manufacturing engineering 

Automated assembly techniques 

Computer-aided planning 

Computer-aided schedule and shop load 

Computer-aided process control 

Computer-aided inventory control 

Group technology 

In addition to CAM developments, the trends in computer 
bechnology and materials technologies will have a significant 
impact on bhe development of an integrated IPAD system. 

The most significant computer bechnology trends are: 

Mini- and microcomputers that are used in a hierarchal 
distributed NC shop and tor other production and QC processes 
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Mini -based graphics sysbems bhab supporb bobh design and 

manufacburing funcbions 

Ijower cosbs for mass daba sborage 

The mosb significanb maberials bechnology brend is bhe 
increased use of oomposibes and plasbics which will require 
digibal part definitions in place of benplabes and layoubs for 
sheeb mebal assemblies. 

Group bechnology, wibh codxng and class! ficabion of discrebe 
parbs, maberials, assemblies, and booling, will be supporbed by 
IPAD bo bhe exbenb bhab bhe desxgn bo manufacturing integration is 
established . 
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6.0 IPAD SUPPORT REQUIREMENTS FOR PRODUCT MANUFACTURING 


This sect:ion describes the interactions and interfaces where 
data requir^ent considerations will impact the IPAD system 
design. It represents the manufacturing engineering environment 
of the 1980 *s and describes how the data is to be used and what 
information will be stored in the data base by manufacturing and 
quality control. The volume of data has been estimated. A 
discussion of general design/lnanufacturing interfaces appecirs as 
appendix B. 

IPAD is by definition an evolutionary system. First -level 
IPAD will not reod.ize more than a sample of its potential 
capabilities, with perhaps the exception of the data base 
management and IPIP and IPEX. Even the total IPAD system will 
evolve from its introduction as it is used by more disciplines. 
There miist be some elements of support for the manufacturing 
interface an both the first -level IPAD and the initial versions of 
the total IPAD. Ihe determination of the support elements will be 
based on cost effectiveness. This section discusses the selection 
considerations for both versxons of the IPAD system. What are the 
high-cost fianctxons in the manufacturing process? Many support 
featiures are common to both desxgn and manufacturing processes. 

It the capability is there, there should be no great problem to 
make it available to manufacturing users. These common 
requirements will be discussed as well as those unique to 
manufacturing users. 


6.1 SUMMARY 

The key to efficxent product development is to think in terms 
of an xntegrated design/toanuf acturxng system. Communication 
between the two disciplines is essential; it is as important that 
the designer knows manufacturing's capabilities as it is that 
manufacturing understands engineerxng's reqxiirem^ts. 

An optimum design has been defined in AlA report Project 
MC74.4 as: **...a product design based on the fullest understanding 
of the objectives. These objectives include cost and 
producxbility as well as performance. Consideration of 
alternatives normally leads to optimum design. A great number of 
these alteimatives involve manufacturing.** 

It is, therefore, essential that the designer have an 
understandxng of all manufacturing trades that may be made. For 
this information to be useful the data must be easily accessible, 
must be accurate, and must be provxded quickly enough to be of 
value in making decisions. TTixs produdbility information, when 
available during the design activity, has a major influence on 
cost. 


89 


Having the ability to preview the **manuf acturing method" 
prior to design and detailing enables the designer to determine 
what format tor the design data best suits the procedure to be 
followed in producing the part. In this way information would be 
stored in a data base canmon to noth design and production systems 
and in a manner that would minimize retrievcil and manipulation 
effort - 

In addition to the benefits provided by having manufacturing 
data available to engineering, and product design information in a 
format best suited to production needs, there are other advantages 
of having an integrated system, these being the ability to have 
common utility programs (e.g., tool design cind engineering design 
use similar stress and analytical programs) and specifications 
required by both design and production stored in one area. 

As the IPAD program is to proauce a design data management 
system, its charter encompasses only activities necessary to the 
design function- Although there is this limitation on tlie scope 
of IPAD, certain types of "mcinuf acturing" information and 
application programs will have to be considered to be bounded by 
this program. This type of overlap must be recognized and 
resolved as ICAM or an equivalent program is developed - 


6.2 GENERAL SUPPORT REgUlRIWENTS 

Even though this document is concerned with the manufacturing 
interactions with design, the fmictional organizations that 
provide the interactions witfi tiie design process roust be supported 
by the IPAD system- Regardless of tiie extent to which ttie design 
process is improved in efficiency, if the design intent cannot be 
translated by manufacturing with ease, the cost advantage is 
diluted. Consider that the engineering costs of an aerospace 
product represent only 40 percent of the nonrecurring costs and 6 
percent of the recurring costs (see fig- 17) of a total product 
(ref. 10) . This subsection discusses the nature of the required 
support . 


6.2.1 MANUFACTURING USE OF ENGINEERING DATA 

One of engineering's primary fxmctions is to provide 
manufacturing with a technical definition that describes tfie 
product in a manner that is couplete and easily interpreted. 

In the case of IPAD it is envisioned that this information 
developed by design engineers will be stored in a standard format 
that may be accessed and utilized by both engineering and 
manufacturing. This data has its interface with manufacturing as 
depicted in figure 18- 
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Figure 17,— Program Cost Summary 
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Figure18—Data Interface 
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This diagram is an oveirview showing -the flow of design 
information into manufacturing. It cetn be seen that manufacturing 
engineering is responsible for reviewing information released by 
engineering and modifying it prior to releasing it •‘downstream-** 

It is envisioned that the majority of engineering-released 
information will pass through manufacturing engineering, the only 
exception being the aircraft surface definition. 

In addition to the data flow through manufacturing 
engineering, both the tool engineering and numerical control 
programming functions will require access to the engineering data 
base in order to obtaxn information regarding the aircraft surface 
definition. Quality control also has the need to access the 
engineering data base directly as it is responsible for assuring 
tliat tfie finished product is produced according to the design 
engineering intent. 


6. 2. 1.1 Manufacturing Engxneering 

Manufacturing engineering has the overall responsibility for 
defining ttie manufacturing sequence, process steps, and tools to 
be used in the fabrication, assembly, and installation of 
products. Its primary functions are toi 

Interpret engineering design requirements for manufacturing 

Break down the product desxgn into logical practical 
assembly, subass^nbly, and installation packages 

Determine the master, major, and detail tooling requirements 

Describe the function, select the type, and order the 
fabrication of nondesigned tools 

Prepare manufacturing plans and specifications for the 
manufacture and inspection of parts, assemblies, and 
installations 

Assist Materiel in evaluating vendor/contractor capabilities 
and requirements 

Define configuration data, specifications, and tooling 
requirements for subcontracted items 

Advise engineering design groups on manufacturing 
producibility 

Interactive computer graphics will provide a significant tool 
to facilitate the interpretation of the engineering product 
design, and develop a logical, practical manufacturing **as 
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planned*^ cx>nfxgurat:ion, processing steps and tooling plan, by 
creatiob of manufactvtring engineer xng computer graphics data. 

Engineering data stored in the IPAD data base will be 
converted to manufacturing data by creation of a copy of the 
engineering data file, which may then be manipulated as necessary 
to define the mcuiufacturrng oonfxguration . 

Preliminary Planner — The manufacturing system would provide the 
preliminary planner with the capability to display the design 
being evaluated for producxbxlity , determine the preliminary 
plaxming sequence, and manipulate the ge«netry to establish an 
understanding of the concept. Proper size relationships must be 
maintained as the producibility ancilysis is performed. 

Dimensional data would be established to determine process 
alternatives and facility requirements . The system would also be 
used to produce illustrations and charts required for reports and 
docvimentation . 

Project Planner — Manufacturing engineers in the project planning 
groups (Wing, body, systems, passenger accommodations, and 
avionics) perform the assembly and xnstallation planning 
functions. It is the project planner who determines the 
manufacturing conf igixratxon of the ^rts which are ultimately to 
be assembled and installed to satxsty the engineering design. 

They determine which holes will be omitted prior to assembly or 
installatxon and where excess material will be added to detail 
parts for trimming after assembly or installation. 

The manuf a c taxring system will maintain the integrity of the 
original design but allow an overlay representing the 
manufacturing configuration. The data a«>uld be transmitted as a 
file to the detail planner and downstream organization. 

It is expected that the project manufacturing engineer will 
access and utilize informatxon stored in the IPAD data base by: 

Locating the appropriate engineering data file (fig. 19.) 

Accessing the engineering data, generating a copy, and 

creating the manuf actoxr xng data file 




U-tlliziiig the manxitacturing system he will then: 

Add/<iel®'te/alter pcurts/features as necessary to create the 

detail, assembly, or installation "manufacturing 

configuration" data file (see tig. 20) . 

Add a manufactturing identifier, change level indicator and 

enter his security code. 

Generate the manufacturing plan. 

Submit the plan and corresponding data file for checking. 

The checker approves the plan and data file, enters his 
security code, and releases butli tor downstream use. The 
manufacturing configuration data trie identifier and change level 
indicator are then entered on the data file index. 

Detail Planning — ^Detail planning is generally performed within 
several specialist groups as described in the following 
paragraphs . 

A group known singly as "detail planning" prepares 
manufacturing plans for sheet metal detail parts and minor (lot 
time) assemblies. Next, a group of process planners prepares 
manufacturing plans for metal bond, weld and duct, and fiberglass 
assemblies and component detail parts- A garoup known as "machine 
planning" prepares manufacturing plans, for machined detail parts. 

All detail, process, and machine planning groups prepare 
"tool orders" for the fabrication of nondesigned tools. Planners 
also prepare tool design requests for tool designs and numerical 
control program service requests for numerical control machining 
operations . 

The system would provide the detail or structural design 
geometric data necessary tor the detail planning function. The 
system would facilitate the task of the planner by allowing 
manipulation of the geometry to determine optimum part orientation 
and machine or facility selection. 

The detail process or machined parts manufacturing engineer 
would access the manufacturing system and utilize the 
manufacturing configuration as follows. (Note: At this point many 
of tfie manufacturing configurations may be identical to the 
engineering data file.) 

Locate the appropriate manuif acturing configuration data file 
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Access the data and generate a copy, creating the ••as- 
planned'* data file. 

Add features as necessary (excess, tool tabs, hold-dovm lugs, 
etc.) to generate the fabrication conf igtiration data file 
(fig. 21). 

Add an "as -planned** xdentifier change level indicator and 
enter his security code . 

Generate tiie manufacturing plcin. 

Sutmit the plan and corresponding data file for checking. 

The checker approves the plan cJid data file, enters fiis 
security code and releases both for dovmstream use. 

The "as -planned" conf iguiation data file identifier cind 
change level indicator are entered on the data file index. 

It can be seen, therefore, tliat, except for preliminary 
planning, it is only necessary to access the engineering data 
regarding product definition once per release or change for 
manufacturing engineering . 

Preliminary planning is primarily concerned with 
producibility; it supports the design function by providing this 
data . 


Preliminary planning will, under this initial scope of IPAD, 
be carried out in the conventional manner and will not use IPAD as 
an interface. 


b.2.1.2 Tool Engineering 

Tool engineering has tlie basic responsibility to provide the 
most appropriate and economical tools required for the 
fabrication, assembly, and test of products (figures 22 and 23 
illustrate the breakdown ox tool types and tfie relative cost of 
tool engineering in relation to the total tooling costs. Tooling 
costs are approximately 32 percent of nonrecurring costs and 3 
percent of recurring costs of a product. (See fig. 17.) 
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Figure 21.— The "As-Planned" Configuration 
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PreliiniBarv Planning — Preliminary planning normally -takes place 
prior tx> a new program go-ahead or major modifica-tion. Working 
with descript.ions of s-truct-xircil airframe design and preliminary 
design configuration drawings, -the manufacttiring and tooling plan 
is developed jointly with manufacturing engineering for assembly 
of -the airplane. Preliminary -tool designs are then made to 
illustrate the approach to be used. 3he ou-tput of this activity 
is a document currently called a "manufacturing and tooling plan." 

Concept Definition — Using a tool design reguest issued by 
manufacturing engineering which identifies -the el^nent of the 
manufacturing and toolxng plan to be satisfied, -the concept 
definition is de-weloped into the final design. 

Detail Design — The detail design activity completes the tool as 
specified in -the tool design request. This process is 
accomplished by: a) using the manufacturing configuration outlined 
in its proper orientation; b) creating necessary tool components 
by means of basic geome-tric construction techniques; c) 
establishing proper conf igiiration through calculating 
capabilities; d) identifying standard components; e) adding 
necessary dimensicans, notes, and symbols; and f) creating a 
material (parts) list to constitute the design frmctions. 

Proni figure 18 it Ccui be seen -that manufacturing engineering 
provides -the tool design group with definition of the parts to be 
produced, -thxis making no impact on the IPAD da-ta base. Only for 
preliminary design information and -tlie retrieval of aircraft 
surface definitions would it be necessary for tool design -bo 
access engineering da-ta directly. 


6.2. 1.3 NC Programming 

The transition to interactive computer graphics (ICG) 
automation for NC programming is presently underway in -the 
aerospace industry. Although the capability to support the 
prograirarang activity is presently limited, development is taking 
place in order to meet -the objective of reducing the effort 
requircid to create control instructions for NC equipment. This 
will be accomplished by: 

a) Eliminating the need for interpre-ting engineering 
product design and supporting tool design geome-tric 
descriptions 

b) Increasing -the use of in-stock and lower-cost cutting 
tools tlirough automatic tool descriprtion and selection 

c) Optimizing cutter performance through automatic feed and 
speed computation and cutter pa-th generation 
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d) Increasing programming productivity through post- 
processing and control tape generation at the most 
efficient location 

e) Reducing cost of computing through the use of less 
expensive equipment and ntore efficient data handling and 
storage 

Only a) and e) of the above items will have an impact on the 
IPAD design; the other points are strictly manufacturing items. 

Using ICG, the NC programmer must be able to extract the 
complete geometric description of the part. This information will 
then be used by most of the companies in a local system, thus 
enabling the NC programmer to create additional geometry and 
additional required information. The programmer will use the 
automatic motion-generating routines provided ty ICG to create the 
cutter paths as well as provide an APT (or similcir) language 
source code describing the paths. 

An additional input required to create a cutter path is a 
cutter description. Certain preliminary parameters are required 
for computational purposes. 

The ICG system will have access to a library of the most 
commonly used cutters described by the following features: cutter 
diameter, corner radius /chcunt er , number of flutes, and flute 
length. The user will satisfy the APT program requirements as 
well as define parameters needed for feed and speed calculations 
by selection from a menu. This information is then processed and 
stored for use by the shop. 


6. 2. 1.4 Uuality Control 

Quality control has the responsibility to assure that the 
design and other applicable requirements are met. Throughout the 
fabrication process, product inspection is responsible for 
verifying that the product is built according to design 
specifications, inspection records for the major assembly and 
installation process are maintained and become part of the 
delivered documentation to the customer. 

Receiving inspection verifies that purchased items and 
outside production con 5 >onents meet the purchase order 
specifications. Inspection also maintains operations at the 
source of outside production fabrication. There is also a tool 
inspection task that assures that tools are fabricated to meet 
specifications of design, tooling, and manufacturing engineering. 

All of the above functions may require that quality control 
personnel access engineering product definition in order to verify 
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product configuration, it is necessary to go directly to 
engineering data base in order to obtain information that defines 
engineering intent without manufacturing's modifications. 


6.2.2 INFOKMhTlON FLOW 

Manufacturing interactions with the design organizations 
begin early in the conceptual phase of a new airplane program and 
continue throughout, the design and fabrication of the product. 

The initial interactions provide two-way conniunication in order to 
inform manufacturing of early design configurations so that 
manufacturing capabilities and rabrication costs may be 
considered. These interactions, altiiough not oon^rising large 
volijmes of data flow, are extremely crucial to the design process. 
The engineering release, on the other hand, is primarily a one-way 
information flow. It is this fruiction that comprises the major 
information exchange in terms of volumes and rates of data flow. 

It is necessary that the extent of the potential impact of 
support requirement for manufacturing and quality control on the 
design of the IPAD system be evaluated. In order to do this, an 
attempt has been made to analyze data volumes, format, and 
frequencies between loanuf acturing , quality control, and the IPAD 
data base . 

6. 2. 2.1 Engineering Release 

The drawing release fxinction provides an administrative and 
clerical service to the engineering design organization and acts 
as the major interface between tlie design organization and the 
downstream organizations using the engineering drawings and 
related data. 

In support of the engineering design organization, the 
release function assigns and maintains appropriate records tor 
drawing and part numbers, drawrug sheet numbers, revision 
identifications, and control numbers for supportive engineering 
docvimentation . It receives the completed packages of engineering 
drawings and data from the design groups, processes the packages 
to complete tl-ie record-keeping fvinction, and issues the drawings 
and related data to tfje reproduction unit for distribution to the 
using organizations (table 1) . 

In support of user organizations, the release function 
provides engineering data that is required to accomplish tlie 
planning, ordering, producing, or purchasing and accounting for 
all hardware components. It produces indexes of drawings to be 
supplied customers representing tlie configuration of the product 
he has purchased. 
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Inherent in an automated drawing release system is the 
ability to mo3aitor schedule performance (actual drawing release 
dates versus scheduled dates) , and to generate timely reports to 
management identifying actixal or impending schedule non- 
conformance v^ich may have an adverse effect on the program^ 
Additxonally, it may be used to provide extracts, audits, and 
statistical data to satisfy either standard or special report 
requests. It contains a historical log whi<di may be used to trace 
the changes of product configuration. 

This released information would be stored in the IPAD data 
base available tor use by manufacturing. 


6.2. 2.2 Data Storage 

The storage requirements to enable this system to support 
manufacturing have been calculated based on the assumption that 
the majority of engineering released data will be in ccwnputer 
format by 1985. It is thought that 100 percent of the aircraft 
surface definition would be accessible and 90 percent of the data 
presently carried on drawings will be stored in a computer. 

In order that storage requireirients can be quantified each 
IPAD user will be required to analyze his own needs. The 
statistics presented J^elow are indicative of Ihe Boeing Company *s 
expected requirements. 

Aircraft Siirface Definition — The term aircraft surface definition 
denotes a computerized form for mathematically defining the 
geometry of the aircraft and permitting the extraction of tliis 
information from the computer in such a form as to facilitate the 
fabrication and assembly of the product. 

Manufacturing has found the computer-based system defining 
the aircraft surface to be an extremely useful tool- This 
information, in addition to eliminating the need for many master 
gauges, when combined with N/C techniques permits the direct 
fabrication of parts, tooling, cmd assenbly fixtures with greater 
speed, economy, and precision than is possible with conventional 
methods. 

This system is designed to accept geometric information 
presented in two-dimensional form on a geometric parameter 
drawing. This drawing defines tlie exterior or interior geometry 
of a product in terras of control curves, points, and cross-secrcion 
view outlines. The control lines are commonly defined either by 
an equation or by the necessary control points and slopes. 

The aircraft surface definition is generated by duplicating 
in the computer the geometric information presented in the 
geometric parameter drawings. That is, each control line shown on 
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the geometric parameter drawing is represented in the computer by 
an equation or series of equations. If the equations of the 
control lines are given, the equations are directly entered into 
the program. If the control lines are defined by control points 
and slopes, the coordinates of those points and associated slopes 
are entered, and the coefficients of the equation are calculated 
and automatically entered into the definition program. 

Figures 24 and 25 depict the size of the definitions used at 
Boeing and provide an estimate of total storage requirements for 
this form of data. 

Drawing Data — Drawing information comes in the form of : 

a) Books — Parts lists, specifications, drawing indices, 
tubing and wiring installations combine definite 
engineering data, specifications and dimensions of other 
definitive drawings. 

These book form drawings presently ccanprise many 
standard sized pages of information. On the average 
they have 18 pages, although books with over 100 pages 
are common. 

b) Engineering dimensioned or scalable drafted drawings, 
detail parts, asseaiblies, and installations 

The drafted drawings which, with their associated 
advance drawing change notices, make up the majority of 
drawings of various sizes from "A" through "J," with 
the majority of tlie larger drawings printed half-size. 

Tables 2 and 3 show the breakdown of drawing sizes reqxiired 
to support the definition of four aircraft as of October 1976. 
These numbers continue to increase due to improvements and 
modifications . 
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No. of defs. in size class 







Table 2.-‘Drawing Sizes 



Table 3.— Estimated Present Storage Size 


A size drawings 

Book form 
(18 pages average) 

D size drawing 

J size drawing 


707, 727, & 737 
.08 X 1 92,000 X 5,000 

.30 X 192,000 X 18 X 114 
.23 X 192,000x 20,000 
.43 X 192,000x60,000 


77 m. words 

118 m. words 
883 m. words 
4,954 m. words 


747 

A size drawings 

.06 X 89,000 X 5,000 


27 m. words 

D size drawings 

.29 X 89,000 X 20,000 

= 

516 m. words 

J size drawings 

.65 X 89,000 X 60,000 

= 

3,471 m. words 

ADCNS 

281,000 X 1.6 X 5,000 

= 

2,248 m. words 


1 2,294 m. words 


{ 60 bit words) 









Book, torm drawings applicable to model 707, 727, and 737 
airplanes con 5 >rxse predcxnlnantly alphanumeric information or 
simple graphics that can be handled more efficiently when 
separated from the picture sheet. 

In addition to Boeing -developed data it is necessary to 
account for vendor drawings, which comprise approximately 8 
percent of the drawing files- Presumably, the ratio of different 
size drawlz^s will be the same as ttaose produced in-plant; 
however, all vendors will not necessarily utilize graphics to the 
same extent that Boeing does, and only 50 percent of their designs 
will be defined digitally - 


6. 2. 2. 3 Information Retrieval Requirements 

The primary users of drawing information are factory and 
manufacturing engineering, (more tlian 80 percent of all charge- 
outs — estimated) , with the factory being the largest single body 
of users of drawings. 

Normally, these users are informed of the drawing number and 
sheet that tfiey will require so that there is seldom any need to 
review a number of drawings to determine the particular drawing 
required. The mam requirements in this area are that drawing 
information needed must always be available on a timely basis and 
that the information be portable. 

Manufacturing engineering personnel are the major users of 
blueprints after the factory. They withdraw large numbers of 
drawings in order to locate the one they wish to work with, after 
which they may spend many hours working with the drawing selected - 
In general, it is not necessary tor these engineers to have 
portable drawings. They must, however, be eible to scan the 
complete drawing to assimilate information, and they must be able 
to cross-check with other drawings e*na change notices to complete 
the informational requirements. This, it is felt, will 
necessitate the access of fvill-size hardcopy drawings. Any system 
designed must, therefore, give primary consideration to these 
r equir ements . 

Figure 26 is a schematic to indicate data flow to support 
manufacturing and quality control, (bee appendix B for information 
types - ) 
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a) 

b) 

c) 

d) 

e) 

f) 

g) 

h) 

i) 


Subcontractors 
data base 

Engineering 
aperture cards 

Planned configuration 
aperture cards 

Tool design 
aperture cards 


Part specification 
file 

Parts list 
Master layout 
Specification 

Design change 
notice 

Substitute design 
authorization 

Aircraft surfaces 

Material release 
drawing 

Engineering production 
release 



Conventional 

equipment 



Numerical 

control 

inspection 

equipment 


s Quality 
control 

shop verification 


Figure 26.-Engmeering/Mar)ufacturing Data Flow 
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Table 4.— Information Flow: Information Type Matrix 


Information flow path (ref. fig. 4.2.2.2-1) 



1 1 

2 

3 

4 

5 

6 

7 

a) Part spec file 

V 

V 



V 

V 

V 

b) Parts list 

V 

V 



V 

V 

V 

c) Master layout 

V 

V 



V 

V 

V 

d) Specifications 

V 

V 



V 

V 

V 

e) Design change notice 

V 

V 



V 

V 

V 

f) Substitute design auth. 

V 

V 



V 

V 

V 

g) Aircraft surfaces 



V 


V 


V 

h) Material release dwg. 

V 

V 



V 

V 

V 



utilizing table 2fa and the interface definitions in appendix 
B, a breakdovm indicating types or data flowing in each path was 
developed, as follows: 

(1) On table 4 (preceding page) , 100 percent of engineering- 
released data categories a) , b) , c) , d) , e) , f ) , and h) , 
(i.e., all aigineering product definition except for 
aircraft surface definition) will be off-loaded as 
aperture cards. 

(2) A transfer equivalent to (1) above will also be 
necessary to copy tfie engineering data into the 
manufacturing information bank. 

Both (1) and (2) will occur as data is released for 
engineering use. 

(3) This flow models the extraction of aircraft surface 
definition information to support tool design, i.e., 
extraction of g) type information. (Although digital 
information flow to tool design will increase, the 
cunoiint of aircraft surface information data will remain 
tfie same.) 

(4) This covers the extraction of aircraft surface (i.e., g) 
type) definition information to support NC programming. 

(5) ^ality control and NC programming extracts engineering- 
released information directly, together with information 
from the mcinutacturing infoinnation bank. This 
information will primarily comprise the engineering part 
oonfigxiration, including aircraft surface definition as 
required. By 19b5 it is expected that post-process 
inspection will be reduced by 50 percent. 

(6) Quality control *s configuration control function is 
primarily concerned with the verification function 
requiring b, d, e, and 1. It is felt that this function 
will remain at tiie saitse level. 

(7) Shop verification is primarily concerned with checking 
to verity that the product is built according to 
engineering specifications. This requires direct access 
to the engineering information files for all types of 
information. Due to better control in mcinuf acturing, 
this data requirement is expected to decrease to 50 
percent by 1985. 

Quantification: Recognizing that a generalized analysis of 

information quantities released to manufacturing would be of 
little value, table 5 is based on data actually representative of 
Boeing's requirements. To ensure that this information is 



relevant to other companies, xt includes an overview of the 
products bexng . supported, along with assumptions made in order to 
speculate on changes that will impact IPAD. Individual companies 
will have to make their own analysis for each potential 
application in order to develop their IPAD ^stCT) definitions. 

The data requirements for sustaxning mode are based on the 
present requirements supporting the 707, 727. 737, and 747- These 
requirements are related not only to rate of production but also 
to the amount of tlie product tliat is made otxtside of the company. 

The percentage of each airplane model that is built outplant 

is: 


Model 

Weight (%) 

Part Numbers 

707 

45 


727 

31 


737 

34 


747 

67 

40 


In order to quantity data flow, information was collected 
concerning data flow needed in a sustaining environment for the 
707, 727, 737, and 747 airplanes. This data was based on ciirrent 
information flow methods converted to digital quantities. Rates 
for new product release were calculated on known relationships 
between new product release and sustaining mode requirement as 
well as on forecast release rates for a new airplane. In addition 
to the above factors; the time of tlie day must also be considered. 
(Two-thirds of all drawings are presently requested during the day 
shift.) Table 5 xllustrates the data flow. 


6.3 POSSIBLE BOUNDARIES BETWEEN DESIGN AND MANUFACTURING 

Because IPAD xs primarily xntended to support the design 
function, the convent xonal interface between the manufacturing and 
engineering disciplines has been set as the boundary of the 
project. A discussion of the possible boundaries follows. 


6.3.1 INFORMATION FROM DESIGN TO I4ANUFACTURING 

Figure 27 depicts the accessing and review of engineering- 
released data by users without the ability to modify it by using 
the IPAD system. This relationship with the IPAD data base is 
consxdered an artificial boundary that will move as the design and 
manufacturing functions become more thoroughly integrated. 

Figure 28 illustrates the tact that manufacturing engineering 
and tool design could utilize the IPAD system not only to extract 
and review data but also to meinipulate engineering data 
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Table 5.— Information Access Requirements 


New Product Release 

Sustaining Mode 707, 727, 737, 747 | 

Information 
flow path (ref. 
fig. 4.2.2.2-1) 

Frequency 

trans/month 

Size 

(go bit words) 

Resp. 

time 

Frequency 

trans/month 

Size 

(go bit words) 

Resp. 

time 

1 

2,500 

Geom. sheets 

60,000 

24 hr 

600 

Geom. sheets 

60,000 

24 hr 

1,500 
Parts lists 

2,000 

24 hr 

250 

Parts lists 

2,000 

24 hr 

2,500 

Geom. change 

5,000 

24 hr 

5,200 

Geom. change 

5,000 

24 hr 

1,500 

Parts list change 

114 

24 hr 

2,200 

Parts list change 

114 

24 hr 

2 

2,500 

Geom. sheets 

60,000 

24 hr 

600 

Geom. sheets 

60,000 

24 hr 

1,500 
Parts lists 

2,000 

24 hr 

250 

Parts lists 

2,000 

24 hr 

2,500 

Geom. change 

5,000 

24 hr 

5,200 

Geom. change 

5,000 

24 hr 

1,500 

Parts list change 

114 

24 hr 

2,200 

Parts list change 

114 

24 hr 

3 

70 Aircraft 
surface defs 

800 

1 hr 

15 Aircraft 
surface defs 

800 

1 hr 

4 

14 Aircraft 
surface defs 

4,000 

24 hr 

1 Aircraft 
surface defs 

4,000 

24 hr 

5 

6 Aircraft 
surface defs 

450 

24 hr 

3 Aircraft 
surface defs 

450 

24 hr 

350 

Parts lists 

2,000 

4 hr 

350 

Parts lists 

2,000 

4 hr 

250 

Geom. sheets 

20,000 

4 hr 

250 

Geom. sheets 

20,000 

4 hr 

250 

Geom. sheets 

60,000 

4 hr 

250 

Geom. sheets 

60,000 

4 hr 

6 


114 

5 min 

7,800 
Parts list 

114 

5 min 


20,000 

5 min 

3,200 

Geom. sheets 

20,000 

5 min 


60,000 

5 min 

6,200 

Geom. sheets 

60,000 

5 min 

7 


6,000 

5 min 

3,000 

Geom. sheets 

60,000 

5 min 




and store xt in -tiie IPAD data base, x.e., modify the product for 
in-process description purposes and utilize the system capability 
to support the tool design function. These applications of the 
IPAD system would be identical to the capabilities provided for 
engineering, the system size being tlie major difference. 

A further extension, although not within the present required 
capabilities of IPAD, is the translation of engineering into a new 
format fur manufacturxng (fig. . An example might be the use 
of engineering-supplxed geometry translated to the numerical 
control source code defining the part. As the translators will be 
specifically designed for manufacturing *s use they will tie 
outside of the IPAD boundary (in the same manner as technical 
progreun elcanents) . The IPAD system could, however, provide the 
management and control of information of this type. 


6.3.2 INFORMATION FROM MANUFACTURING TO ENGINEERING DESIGN 

In order to support the IPAD concept it is necessary that 
manufacturing inforrnatxon regaroxug costs, producibility, and 
capacity is available to the design engineer. This information 
which is conventionally thought of as being in the manufacturing 
domain, is necessary to an optimal design. It is, therefore, 
considered that mformation of thxs type could be stored in the 
IPAD information bank for desxgn use (fig. 30) . 

The metlx)d by vrtiich tiiis mformation is generated will remain 
in the manufacturing domaxn, as xs the responsibility tor keeping 
the data current. 


6.3.3 SHARED INFORMATION 

A third type of inforrnatxon stored in the data bank is that 
supporting both manuf acturing and engineering equally. This 
portion of the mformation banx., although developed under this 
contract for design use, should be designed to satisfy both areas 
(fig. 31) rather than bexng duplicated at a later date for 
manufacturing . 


6.4 OTHER SUPPORT CONSIDERATIONS 

The environment of the 1980 *s will be affected by mini- eind 
micro-computers and tlie increased computer power available for 
satellite systems at greatly reduced costs. The satellite systems 
wxll be tied into IPAD and to each other. Managers and users 
representing all facets of manufacturing must be trained to use 
the integration of systems to the greatest cost and schedule 
advantage. One way to secure their acceptance and utilization of 
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Figure 27.— Design to Manufacturing— Conventional 
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Figure 28.— Manufacturing Utilization of IPAD 
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Figure 29.— Translated Storage 



Engineering 



Figure 30.— Manufacturing Information for Design Support 


121 







-the available computer power is tx> make stire their requirements 
are known and considered by system designers and implementers . In 
other words, get the potential users involved in the development 
ot the ^sterns on a day-to-day basis and keep them informed of the 
progress with periodic status reports. 

Support requirements for manufacturing engineering, tool 
engineering, NC programming and quality control have been 
discussed in section 6.2. Additional considerations for support 
are discussed here. 


6.4.1 MANAGEMENT INFORMATION 

The work breakdown structure (WBS) is the common instmment 
used to estimate and collect costs cuid schedule fabrication of the 
product. The IPAD system nnist provide the means to monitor cost 
and schedule status, i.e., actxials versus targets. Additionally, 
the costs of using IPAD (session costs, accumulative costs weekly, 
monthly, etc.,} and identification of users must be accessible. 


6.4.2 CONFIGURATION MANAGEMENT 

The manufacturing user of design information, whether 
designing tools or verifying part fabrication , must know that the 
information used is valid; he must also know whether it has been 
changed. Design changes can be negotiated and the impact 
determined more efficiently m the IPAD environment. The user 
must be able to respond inmiediately to order material, rework 
tools, suspend fabrication orders, and revise manufacturing 
process paperwork. 


6.4.3 USER ENVIRONMENT 

The manufacturing IPAD user must be able to use the system in 
the same manner as the designer user. For the most part, this 
user will be accessing design information for use in a local 
system; he must also be able to enter data tdiere it is needed. 

For exanple, the design engineer requires information concerning 
preferred methods of fabrication and assembly, fabrication costs, 
and shop processes. Tliere should also be provision for system-to- 
system interfaces for the transfer of released design information 
to the production process systems . The manuf act\iring user must be 
able to interact at the terminal with other IPAD users. 
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b.4.4 INDUSTRIAL ENGINEERING 


The indust.rxctl engineer requires the cost and schedule 
information in order to monxtor actuals versus estimated costs. 
He requires design release inrormatron in order to schedule the 
work through the shops, and he must also schedule p 3 x>duction 
changes. 


6.4.5 MANUFACTURING CXDST DATA 

It has always been realized by the manufacturing engineer 
that the design of a part should consider the cost of producing it 
equal in importance to its fuxictronal ability. DOD Directive 
5000.28 supports this in stating design-to-cost objective: **to 
establish cost as a peirameter equal in importance with technical 
requirements and schedules tliroughout the design, development, 
production, and operation of weapon systems, subsystems and 
components ." 

It is, therefore, necessary that infonration required by 
engineering concerning producibility constraints receive 
consideration in the IPAD data base equal to other factors 
required in the design of an aerospace product. (See fig. 32.) 

Although all companies have top cost models, capabilities are 
limited in that they are at a high level and cannot be used for 
low-level cost trades. To obtain information at a detailed level 
usually requires direct interaction with manufacturing . This is 
usually slow, cumbersome, and normally inaccurate, as response is 
expected quickly. Many program decisions that should be based on 
accurate detail information are presently committed with 
insufficient data available. Cost avoidance information, to be 
most useful, must be available prior to drawing preparation. To 
make cost trades necessary in the decision-making process requires 
cost predictions. These must be accurate if a design support 
decision is to be made. If the cost data is inaccurate, the wrong 
decision will be made. 

For effective manufacturing cost data to be available to 
engineering, programs will be required to ensure proper use of the 
information. The requirements will include: 

Establishment of an accurate cost and configuration data 

baseline 

Means of identifying high cost drivers early in the program 

Formal record of all tradeoff data 

Close cost tolerances to minimize program cost and profit 

risks 
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The availabxllty of tills Infonnablon will enable the designer 
to understand how desxgn affects cost, to iterate design concepts, 
and to develop alternates . 
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APPiiNDlX A 

MANUFACTURING ORGANIZATION 

The hroad scope of which niajiufact.viring Is a pazrt Is some-times 
called operations, which enconpasses procurement, quality control, 
and facilities in additxon to manufacturing. In this project 
organization description, we have represented manufacturing and 
quality control as ftmctions cind have included procurement under 
manufacturing wi-th manufacturing engineering, indus-trial 
engineering, tooling, and factory- Quality control includes tool 
inspection, factory quality con-trol, receiving inspection, source 
inspection, and data and software certifica-bion. There is a 
corpora-te research and development function, as well as the 
facilities organization, supportxng each project. (Fig. 33). 

The ftinctions of the manufactturing organizations shown in 
fxgure 33 eire described here to provide a reference to the 
manufacturing events in sectxon 4.0. 


A.1 MANUFACTURING 

The basic functxon of the manufacturing organization xs to 
fabricate the product to the desxgn and Government/customer 
specifications within the esrablxshed schedule and cost 
parameters. Manufacturxng is broken down into functional groups 
■that are responsible for specifxc operations during the 
fabrica-tion process. These are described below. 


A. 1.1 MANUFACTURING INGINEERING 

Manufacturing engxneering is a network of organizatxons that 
interpret, main-taxn, and control production requirements for an 
aerospace product- These organizations are: 


A. 1.1.1 Tool and Production Plannxng 

Interprets design specifications and pro-wides planning 
necessary to support fabrxcatxon of parts and -tools. 


A. 1.1. 2 Production Control 

Maintains total fabrication requir^ents ; makes commitments 
for spares; schedules and xssues shop orders. Maintains 
mechcuiized order location, work in process status control, and 
inventory control on completed parts. Receives, stores, and 
issues parts required for assembly operations. Stores and issues 
con-tract tools. 
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A. 1.1. 3 Nmnerical Cont-rol Programming 

Prepares con-trol media ior NC production of machined parts, 
tools, assemblies, and wire bundles. 

A.1.1.U Tool Design 

Prepares designs and specifications for contract tools to 
support detail and assembly production operations, in accordance 
with tool orders from tool and production planning. Orders tool 
fabrication. 


A. 1.1. 5 caianqe Management 

Coordinates and maintains status of product design changes 
using representatives from all applicable organizations. 


A. 1.2 PROCUKfMENT 

Materiel is responsible for procurement and inventory 
management of production raw material, castings and forgings, 
purchased equipment, and outside production. Materiel also 
provides source selection, program surveill^ce and expediting 
actions . 


A. 1.3 FACTORY 

The factory operates and manages facilities and people to 
meet production requirements to support the planned delivery rates 
of the product. The factory is also responsible for maintaining 
schedule, cost, quality, and safety requirements. The toDJLowing 
functions are included. 


A. 1.3.1 Tool Fabrication 

Builds tools to specifications provided by tool design and 
production engineering. 


A. 1^:3. 2 Product Fabrication 


A network of shops that fabricate machined parts, sheet metal 
details and subassemblies, wiring and systems components, major 
assemblies, and installations to produce the final product cuid 
related spare parts. 


A. 1.3. 3 Mockup Operations 
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Falrxclcat-es and main-tains various physical mockups tx> design 
specif ica-tions. Develops wiring and -tubing and o-ther requirements 
using the mockups. Prepares production illus-trations to 
facilitate installation operations. 


A. 1.4 INDUSTRIAL RNGINKERING 

Industrial engineering conducts work s-tudies, establishes 
s-tandards, determines optimvun shop loads, and negotiates program 
schedules consistent wrth manuf acturing capability. 

Industrial engineering is responsible for optimijm utilization 
of capi-tal and manpower resources . It plans and implements 
workloads of factory units and defines manpwwer levels -that can 
achieve workloads wi-thin prescrxbed cost and schedule parameters. 


A. 2 QUALITY CONTROL 

Quality control has -the responsibility to assure -that -the 
design and other applicable requxrements are met. Specif xc 
f unctionsorganized to accomplish -tliis responsibility are; 


A. 2.1 TOOL INSPECTION 

Tool inspec-tion ensures -that tools are fabricated to meet 
design specif ications and that the tools function properly. 

A . 2 . 2 PRODUCT INSPECTION 

Throughout -the fabrication process, product inspection is 
responsible to verify that the product is built per design 
specifications. Maintains inspection records -that become part of 
the documentation delivered -to the customer. 


A. 2. 3 RECEIVING INSPECTION 

Recexving inspection verifxes -tfiat purchased items and 
outside production components meet tlie purchase order 
specif ications . 


A . 2 . 4 SOURCE INSPECTI CW 


Source xnspection maintains inspection operations at sovurces 
of outside production fabrication. 
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A. 2. 5 DATA AND SOFTWARE CERTIFICATION 


This function determines that geometry data from computer 
systems, tised by manufacturing and subcontractors, is valid. 


A. 2. 6 METROLOGY 

All measurement and test instruments and equipment are 
calibrated, certified, and repaired by the metrology laboratories. 


A. 3 RESEARCH AND DEVELOPMENT 

While manufacturing and qualxty control are usually orgcinized 
for each product line by project, the corporate office provides a 
manufacturing research and development (MR&D) organization that 
supports all product lines. MK&D provides continuous support to 
test and develop processes for new materials and design concepts 
and develops requirements for computer systems euid quality 
assurance techniques. These may oe broken down into: 


A. 3.1 MATERIALS AND PROCESSES 

Processes are developed to support new materials introduced 
by design. New techniques are provided for production to improve 
fabrication and cut costs. The materials and processes 
organization troubleshoots production problems and develops 
solutions . 


A . 3 . 2 CAM DEVELOPMENT 

Specifications for computer-aided systems are developed in 
support of all manufacttiring organizations. 


A. 3. 3 g.A. TECHNOLOGY 

Con^JUter -aided teclmology specialists develop specifications 
and methods for computer-aided systems in st^port of qtiality 
assurance- They also develop improved inspection gages, 
equipment, test instruments and testing techniqpies. 


A. 4 FACILITIES 

The facilities organization assures availability of 
applicable equipm^t for product fabrication, procures and 
installs new equipment, relocates existing equipment, manages 
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-technical and budget requirements, ooid approves and prioritizes 
equifHiient reques-ts and expenditures. Facilities designs, builds, 
and maintains company facili-ties and equipment. 
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APPENDIX B 


GENERAI. 1N!EERFACES 

The design/xnanufacturxng int.eract.lon begins early in tlie 
concept.ual st.age of a new product and continues throughout the 
design and production processes. 

The following paragraph was extracted from an October 1973 
report by the Kesearch and Engineering Advisory Committee of the 
National Security Industrial Association titled "Recommendations 
for Development of Major Defense SvstCTis, DC»D SOOO X." 

"The engineering of complex defense systems is an interactive 
process of assuming solutions and proving them not the best; 
of trial and error; of testing hardwcire, of refining 
analyses, of correcting design, etc.; and of compromising a 
myriad of conflicting objectives into a product that will 
satisfactorily perfoj^i at an acceptable cost. Design trade- 
offs require a reasonably flexible environment during 
development. Goals must be proven feasible and converted 
into firm requirements for production." 

Figure 34 shows the evolution of a product from preliminary 
desxgn to early production. Note that: 

Large commitments of people and money occur in the CAD/CAM 
interaction region. 

Commuiication increases in conq^lexity and importance with 
time . 

The number of people vtfio conunimicate increases with time as 
different parts of the organization and people with different 
skills and viewpoints become involved. 

The need for control of the design increases greatly at the 
CAD/ CAM interface. 

Choices are being made continuously duiring the shift from 
pure engineering to production. 

Baseline information used by operating management originates 
here. 

If we learn to do a better job in what we do now, this same 
knowledge can be used to create future opportunities. 

Figure 35 shows the extensive cross-feeding and integration 
of information between design and manufacturing organizations from 
preliminary design through the first design changes . Figure 36 
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shows the steps in production where Information again shuttles 
back and forth between groups. What is not shown in these figures 
Is the varying form of the Information as it is used. All of 
these steps and transformations Introduce time and especially 
chances for error In handling ttie Information (ref. 11.) 

These Interfaces, or lines of commimlcation between CAD eind 
CAM, have thus far been concerned with transmitting engineering 
part definitions to manufacturing engineering in a manner that can 
be used efficiently. The trend has been to supply geometric 
definitions of parts where it is felt that tooling personnel or NC 
programming can best make use of the data in this form. 
Unfortunately, this is only one of the lines of communication 
between the two organizations, and it is presently not widely 
used. 
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Figure 34.— CAD /CAM Control 
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Figure 35.-Engineering-Manufacturing Interaction 
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The following interfaces are identified and described 
individvially in a format that emphasizes the important aspects as 
to intent, control, and distribution (ref. 11 ) . 


Interface 

General Description 
Typical Information 
Data Source 
Control 

Typical Distribution 


- Engineering Drawing 

- The graphic and/or alphanvimeric 
definitions for configuration 
control 

- Dxmensions, tolerances, material, 
geometry, manuf actraring processes, 
specifications, loft data, etc. 

- Product design engineering (other 
areas of test and experimental not 
included) 

- Engineering release 

- Manufacturing engineering, quality 
control, purchasing, tool design, 
naimerxcal control, tool/peirt 

f abr ication , etc - 


Form of Data 


- Graphic and alphanumeric 


*■ * * * 


Interface 


- Parts List 


General Description 


Typical Information 


Data Soxurce 


- The official configuration control 
document prepared by a design 
activity which identifies the 
components of a product 

- Quantity, material, specifications, 
used on, drawing number, make-or- 
Jt)uy, processes, etc. 

- Product design «igineering 


Control 


- Engineering release 


Typical DistxibuticHi - Manufactiiring engineering, 

production control, purchasing, tool 
design, numerical control 


Form of Data 


- Alphanumeric 



Interface 


General Description 
Typical Information 

Data Source 
Control 

Typical Distribution 
Form of Data 

4 > 

Interface 

General Description 
Typical Information 

Data Source 
Control 

Typical Dxstribution 
Form of Data 

* 

Interface 

General Description 


- Master Layout 

- Graphic configuration control 

- Shape, size, intersections, cross- 
sections, flat pattern projections, 
detail parts and assemblies 

- Product design engineering 

- Engineering release 

- Manufacturing engineering, numerical 
control^ tool design, shop 
operations, quality control, etc. 

- Graphic 

* * * 

- Specification 

- Specific engineering descriptions to 
control the configuration and 
qualxty of a part or product 

- Test requirements, processes, 
performance characteristics, methods 
of assembly, procedures, reference 
documentation , etc . 

- Materxal and process research, 
government , industry , quality 
control , etc . 

- Engineering release, library 
sources, etc. 

- Manufacttiring engineering, shop 
operations, qtiality control, etc. 

- Graphic and alphanumeric 

* * * 

- Engineering .Design Standard 
(manufacturing use) 

- Established and documCTited 
information for control of 
manufacturing processes and 
fabrication 
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Typical Information 
Data Source 
Control 

Typical Distribution 
Foinn of Data 

Interface 

General Description 
Typical Information 

Data Source 
Control 

Typxcal Distribution 
Form of Data 
Interface 

General Description 
Typiceil Information 


- Design criteria 

- Product design engineering 

- Engxneering release 

- Manufacturing engineering, factory 
operations, qtiality control, etc. 

- Graphic and alphanumeric 
* * * 

~ Des xgn Change Notice 

- Design notification of scheduled 
product change to be incorporated 
into manufacturing cycle 

- Part ntimber, effectivity, 
description of chemge (graphic 
and/or cilphantaneric) , retrofit 
instructions (rework of existing 
details) , etc. 

- Product design engineering 

- Engineering release 

- Production planning, purchasing, 
tool design, numerical control, shop 
operations , etc . 

- Graphic and alphanumeric 

* * * 

- Part Specification File 

- Data file containing a complete 
geometric and alphanumeric 
description of a component (scune 
data as product design drawing and 
parts list) 

- Component geometric definitions, 
dimensions, tolerances, views and 
sections, material description, 
specifications, process notes, 
identification, next assembly, a 
history of design changes (see 



Data Source 

Control 

Distxibution 

Form ot Data 

* 

Interface 

General Descrlpt.ion 
Typical Information 

Data Source 
Control 

Typical Distribution 

Form of Data 
Interface 

* General Description 
Typical Information 


product design drawing and parts 
list) 

- Product design engineering 

- Product design engineering 

- Purchasing, manufacturing 
engineering, factory operatxons, 
quality assiirance, (by use of 
various application programs) 

- Alphanumeric and graphic (by vise of 
application programs) 

♦ « « 

- Substitute Design Authorization 
(SDA) 

- Graphic and alphcuiumeric definitions 
ot s\ibstitute design, and 

ef fectivity 

- Part name, part number, effectivity, 
contract number, SDA reason, 
material, substitute design 

(including dimensions, tolerances, 
material, geometry, specifications) 

- Product design, liaison engineering, 
purchasing 

- laaison engineering 

- Manufacturing engineering, quality 
ass\irance, purchasing, factory 
operations, product design, IdLaison 
engineering 

- Alphanvuneric and graphic 

* * * 

- (duality Assurance Report (QAR) 

- Alphanumeric definitions ot 
discrepancy and disposition 

- Component name and number, reference 
operation number, serial and work 
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order numbers, discxepancy 
dxsposi-tion, effectivlty 


Data Source - Quality assurance, liaison 

engineering, purchasing 

Control - Quality assurance 

Typical Distribution - Purchasing, liaison engineering, 

quality assurance, manufacturing 
engineering, factory operations 

Form of Data - Alphantuneric 

* m * * 

Interface - Advance Material Release (AMR) 

General Description - Alphanumeric definition of material 

needed in advance of normal 
availability schedule 

Typical Information - Material description using drawing, 

need date, quemtity, justification, 
suggested vendor 

Data Source - Product design 

Control - Product design 

Typical Distribution - Product design, purchasing, 

manufacturing engineering 

Form of Data - Alphan\imeric 

* « 4 : # 

Interface - Aircraft Surfaces 

General Description - Data file containing, geometric 

description of aircraft lofted 
surfaces 

Typical Information - Sizrface identification, canonical 

form of definition, history, 
aircraft type and effectivity 

Data Source - Advance design engineering 

Control - Product design engineering 
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Distribution 


Form of Data 

* 

Interface 

General Description 

Typical Information 
Data Sovurce 
Control 
Distribution 

Form of Data 

* 

Interface 

General Description 

Typical Information 

Data Source 

Control 

Distribution 

Form of Data 


- Product design engineering, 
manufacturing engineering, quality 
assurance (by use of various 
application progreims) 

- Alphanvuneric and graphic (by use of 
application programs) 

* * * 

- ioigineering Production Release 

- The authority to produce a part or 
product 

- Year of release, effectivity, etc. 

- Engineering release 

- iingineering release 

- Production planning procurement, 
tool design, NC programming, shop 
operation, etc. 

- Alphanumeric 

* m 

- Material Release Drawing 

- The graphic and/or alphanumeric 
description of the material to be 
ordered 

- Dimensions, tolerances, type of 
material, specifications, etc. 

- Product design 

- Engineering release 

- Production planning, procurement, 
tool design, NC programming, shop 
operation, etc. 

- Graphic and alphanumeric 



Interface 


General Description 
Typical Information 

Data Source 

Control 
Distribution 
Form of Data 

* 

Interface 

General Description 
Typical Information 
Data Source 

Control 
Distribution 
Form of data 

* 

Interface 

General Description 

Typical Information 
Data Source 


- Request for Design Change (to 
facilitate Manufacturing) 

Same as interface 

- Graphic and/or alphanumeric 
description of request 

- Production planning, procurement, 
tool design, NC programming, shop 
oper at ion , etc . 

- Engineering/manufacturing liaison 

- Product design 

- Graphic and alphanumeric 

*■ * * 

- Computer Files 

- The collection of storage of 
infonoation 

- Identification, accounting, 
definitions, programs, etc. 

- JEngineer ing , manufacturing 
engineering, shop operation, quality 
assurance, etc. 

- Data source 

- As required 

- Alphanumeric 

* « ♦ 

- Stop Orders/Stop Removal 

- The stoppage of authority to produce 
a product/the listing of Stop 

- Date, part identification, etc. 

- Engineering release 

/ 

- Engineering release 


Control 



Dxstj:ibut.xon 


Form of Dat.a 

* 

Interface 

General Description 

Typical InforzDat.ion 
Data Source 
Control 
Distribution 


- Production planning, procurement, 
tool design, NC programming, shop 
operation, etc. 

Alphanumeric 

* * * 

~ Mockup or Modeling 

- The construction of the initial 
configuration of a product 

- Feasibility 

- Development engineering 

- Development engineering 

- As required 

- Graphics 


Form of Data 


APPENDIX C 


AEROSPACE INDUSTRIES ASSOCIATION (AIA) 

The Aerospace Industxles Associa-tlon of America, Inc. (AIA) 
is -the na-bional trade association of U. S. oon^anies presen-tly 
engaged in the research, developuent , and manufacturing of 
aerospace products (ref. 12) .AIA traces its history to the 
Aeronautical Chamber of Commerce, which served di-verse 
aeronautical interes-ts in addition to airframe manufacturers. The 
organization functioned under the Chamber from 1919 un-til 1945, 
when indus-try growth and development dictated establishing the 
Aircraft Industries Association. In 1959, -the Association was 
renamed -the Aerospace Industries Association -to reflect the 
indus-try* s additional efforts in space -vehicles and missiles as 
well as i-ts continuing activi-ties in aircraft design and 
production. 

Activities of -this voluntary trade orgetnization are 
administered by an experiencea professional staff under the 
direction of a General Manager, who receives policy guidance from 
the Board of Governors elected from the membership. Current 
membership of AIA includes 49 aerospace manufacturing companies. 

There are nearly 1,000 conpany representatives on AIA 
committees, plus additional specialists on panels and task groups. 
These ccmpany represenatives provide an effective means -through 
which -the industry can be informed of new government direc-tives or 
policies or can quickly be polled to establish industry positions. 
(Bee fig. 37 for AIA organization.) 
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Figure 37.— Organization Chart 
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C.1 OBJECTIVES AND SCOPE OF MANUFACTURING COMMITTEE — AIA 

The objective of the Manufactviring Committee is to provide a 
single authoritative sovirce for obcaining, coordinating, and 
presenting aerospace product manufacturers* views on 
noncompetitive cc»amon problems ciffecting manuf act turing. Further, 
the Committee assumes the functions and responsibilities of 
maintaining awareness, inst.ituting industry and government 
coordination, providing advise and assistance to member companies, 
and otherwise monitoring all matters of mutual interest to member 
companies that are wrthin the scope of manufacturing. 

Areas within the scope of this Committee include machine 
tools and manufacturing equipment, facilities for manufacturing 
operatxons, product tooling functions, manufacturing processes, 
manufacturing test equipment, preservation and packaging of 
manufactured products, industrial environmental quality, and 
maintenance functions required tor factory equipment and 
facilities. In addition, coordination is maintained with otlier AIA 
committees to avoid duplication of effort. 


C.2 HOW CAM-1 IS ORGANIZED (ref. 13) 

The policies and activities of CAM-I are directed by its 
members through the Board of Directors. These members meet 
anually to elect the Board, which in turn elects the officers of 
the corporation. A five-man Executive Committee is selected from 
the Board of Directors that includes all corporation officers. 

This Executive Committee manages affairs between full Board 
meetings. (See fig. 38) . 

The working committees of CAM-1 are divided into areas: 
Standards, Library and Information, Nominating, Project Procedures 
and Technical Review, and Advanced Technical Planning Cotnmittees. 
Each of these coiwnittees has as its function the general 
supervision of its assigned area and coordination of any 
subcommittees that pursue special aspects of the committee’s work. 
Each may have many task groups to study individual problems. 

In addition to the above committees, there may be special 
committees that r^ort directly to the Board of Directors. These 
ad hoc oommittees may deal with matters of special importance to 
the CAM-I Board of Directors and are usually of short duration 
(Legal, Constitution and Bylaws, Finance, etc.) . In addition, the 
Executive Committee may act as an ad hoc committee on any special 
activity. 

The officers of CAM-1 exercise powers delegated to them by 
the Board of Directors and the Bylaws in handling CAM-1 *s day-to- 
day affairs. The administrative work is delegated to the CAM-I 
Executive Secretary and General Manager, who answers directly to 
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the President of CAH-1. The I:;xecutlve Secretairy and General 
Manager serves as the full-tliue director of all CAM-I affairs and 
as the corporation Secretary and Secretary of the Board of 
Directors. He has direct supervision of development contractors, 
the U.S., Europe, and Japan offices, and maintains close liaison 
with special projects, legal services, CPA se^ices, marketing 
sales, and promotional functions. (See fig. 39) . 
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Figure 38. -CAM- 
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Figure 39.— Staff Orqaniza 













APPENDIX D 


DEFINITIONS 

Autx>mat.ically Programmed Tools (APT) * 

A computer-based nvuner leal control programming system. 
Computer-Aided Design (CAD) 

Any computer system or program that supports the design of an 
aerospace vehicle; either "business" or "scientific" systems 
are included. 

Computer-Aided Manufacturing (CAM) 

Any computer system or program that supports the management 
and operation of a manufacturing facility (see CAD) . 

Computer Numerical Control (CNC) * 

A numerical control system wherein a dedicated stored program 
computer is used to perform some or all of the basic 
numerical control machining functions. 

Cathode Ray Tube (CRT)* 

An electronic vacuum tube that can be used for display of 
graphic data. 

Delphi Method 

A procedural technique tor technological forecasting; 
objective is to obtain a consensus of opinion regarding 
possible future events. 

Distributed Numerical Control (DNC) * 

An hierarchical association of computer-based support 
systems, the primary purpose of which is to provide machining 
data to machine control systems . 

Integrated Computer-Aided Manuf actvuring (ICAM) 

An Air Force program which xs a follow-on to the AFCAM study. 

Interactive Computer Graphics (ICG) 

A computer-based system that allows the user to generate and 
manipulate two and three dimensional geometry at a terminal. 
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Macro 


A preprogramned set. of instructions used by cm NC programmer 
for repetitive operations. 

N\3inerlccd. Control (NC) * 

Automatic control of a process performed by a device that 
makes use of all or part of numerical data generally 
Introduced as the operation Is In process. 

Part Number (P/N) 

An alphanumeric code assigned to discrete parts, assemblies 
and installations for identification through the 
mcmuf acturlng process . 

Return on Investment (ROl) 

An economic parameter used to assess viability of an 
investment in equipment or computer system development. 

* Taken from National Aerospace Standard (NAS) 972 Glossary. 
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